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PREFACE. 


On the Cd^pletion of this fourth Volume I have the 
Pleasure to give'ishe Names of the Authors and List of En- 
gravings. 

The Authors of original Papers are John Gough, Esq. ; 
N. N. j J. Fletcher, Esq. ; Ez. Walker, Esq. j J. Harriott, 
Esq. ; Mr. W. Wilson j Dr. Priestley, F. R. S. &c. ; Tho- 
mas Young, M. D. F. R. S. &c.; Mr. Benj. Hooke ; W. N. ; 
John Bostock, M. D.f G. C. ; R. B.; The Rev. Wm. 
Gregor; Mr. Wm. Henry ; Z. ; n; and Lawson Huddle- 
ston, Fsq-“*Of foreign Works, G. Dalarive ; Rochon ; 
Giutofi’*, Cadet; Gall; Bojames; Klaproth; Jumilhacj 
Saint Victor; J. B. Berard; L. Reynler; Proust; and 
Fourcroy. — And of English Memoirs abridged or extracted, 
R. Chenevix, Esq. F. R. S. ; H. Davy, Esq.; S. Tennant, 
Esq. F. R. S. ; Mr. J. Dalton; W. H. Wollaston, M.*D, 
F. R. S. ; W. Herschel, L. L. D. F. R. S. ; R, Kirwan, 
L. L. D. F. R. S. ; and M. dcs Lozieres. 

Of the Engravings the Subjects are, 1. A new sliding 
Stop for Air-Pumps and other Uses. 2. A simple and se- 
cure Metallic Joint for Tubes. 3. Mr. Harriott’s Syphon 
•Engine for raising and lowering Weights. 4. New Method 
of measuring tte Action of Bodies in refiacting Light, 
whether they be transparent or opake ; by Dr. WoUafton. 
5. Mr. Hooke’s Blow Pipe by Alcohol. 6. The Harmonic 
SlideK of Dr.Young. 7. A strong and flexible Joint forTubes. 

8. Dr. 
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8. Dr. Wollastoii’s Figures to explain the oblique Refraction* 
of Ice‘ian<t CrystaV 9. Mr. Dalton’s Sketches yof the Rivers 
of England and Wales, and the Districts which supply them 
wfth Water. 10. Figure to illustrate Mr. Gout’s Thepry 
of sonorous Undulation. II. The Craniogvomic System 
of Dr. Gall. 1 2. An Instrument for extraybng hard Bodies 
out of the CEsophagus. 13. A new R^fiKecting Quadrant 
by Mr. Ez. Walker. 14. Mr. Muddlestone’s Method of 
floating Boats from one Level to another, without Lofs of 
Water. 15. Engine for blowing up tjie Stumps of Trees, 
by Cit. Saint Victor ; and 16 . Two Drawings of a Magazine 
Pistol, w'hich discharges Kbne Balls in Succession, by once 
loading. 

4- 

Soho Square, April 2^, 1803 # 
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ARTICLE I. 

On qf the Grave Harmnies. In a Letter fr^m 

Jfr, John Gough, 


SIR, 


To Mr, NICHOLSON. 


OuB. fenfe of time arife&^^as Mr. Locke Jufily obfeires^Time Uafpe^ 
from the conftant fucceffion of ideas in the mind ; or to fpeak 
perhaps in more intelligible langoage, it is the refalt of the parts’ have the 
attention being occupied by an uninieirupted tram of change* habltudeofriHf 
iMe perceptions. Time is on this account. Capable of Increafe ^ 
and dimintiiivmf it ia therefore a fpecies of the abilnU^ teibv 
Mh^itude I m confetpience of which, the parts pf it « 

the prcqpertiea contained in the abftrad term. Ratio, and^tm 
of the do^r ine of proportion, A great variety 
ofproportiont^CMd^ieceeinongittheooniHtaent parts of com* 
ppiuid beiqjl of the &me denomination, and gives birth to a 
ch&e^pjl^^ <^the human uaderilandU* 

* ihffi siFhidl am only be explained ^y an hypothecs afcribing The mind 
tou ipda a faoalty that cMUnpares IheGe.ratioii and perceives 
eSedpfodnced hf thems Of tiiia defcriptlon are the 
eOneapmeived by^tbe fenfe bf feeiiDg in the texture of bo^i%yicile4MNi ^ 
.Yoi.lV—jASUARY, 1803. B 
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4 ^\ NAXCRE OK THE GRAVE HARMONICS. 

the ^ifcriminalion of peiKbns^ which is the office of the 

and and 

h^kAony, whicli are judged of by the ear. 

The eft *lford% ' Each fenfe reckons lime, by die train of its own ideSs alone ; 
a*prmanent ^ auditory organ on this account meafures th^pfe of it by 
found, only found. Now if the ear had tlie powder. o{ confidering the 
tioware too frc- intervals of time apart, it would perceive the conftitu- 

quent to be fe- ent vibrations of founds as feparale diftinft things, attracting its 
j^tciy confi- notice fucceflively ; in which cafe, the^ .lurpan mind could not 
* poflibly form a conception of a permanent found : but it is a 

maxim in harmonics, that a certain n( mber of vibrations in. a 

fecond is required to give a fenfible ( cgrec of duration to the 

note of a tiring ; I (Imli at prefent mate ufe of 1 2 for this num- 
ber. The preceding faCl afrerUins an eflential point of my 
theory, for it fixes the leafi interval of time that flic ear can 
but the ratios of con tern plate apart;* this organ tiierefore takes in the grofs all 
pcr«Tve*d, and "'^^g^ibides of tills dcfcriptiou, (vbicii are too fmall to be exa- 
excite ideas of mined liv detail : in this cafe it acquires the ideas of acute and , 

acute and grave, grave, by comparing two or more trains of vibrations ; the in- • 

tervals of which are equal in each 1‘cries taken leparatcly, but 
greater and Icfs in the whole number taken togethXir. 

Two continuous When two founds, thus con ftituted, are heard in concert, 
together, ^have vibrations producing them are arranged in cycles, no one 

their vibrations of which continues for a longer or fliortcr time than the reft ; 
arranged in 

is perceived by the ear, which becomes fen- 
duration pereep- fible of their prefenoc. For wli^n each cycle of a feries, fepa- 
inh^^^tion exceeds ,tbe twelfth j>art of a fecond, the 
be long enough* ^ hearing recoguim each point of divifion made by the 
each cycle M dif- coincidence of the vibrations which fcparate the contiguous 
ttngm/Hcd; cycles: this circumdance enables the tenfe to contemplate 
if not, the points thefe periods apart, ^nd to comprehend their origin. On the 
vJirhavrthc when tlie duration of a cycle belonging to a com- 

efTed of fimple ppuiid feries do^s not exceed the tvvelflh part of a fecond, the 
periods, interval proven too, fmall to be meafured by the ear ; it there* 

fore efcapes notice ilia feparate (late; for |he points of divK 
fipn recur too froquenily to>be obferved.^ When the auditory 
organ Jindaitfelf. in cirtumftances anfweetng to. the preceding 
defeription, it has but one method to purfue; which is ta treat 
thefe derivative int^als in the fame manner it treats all po. 
andaffbrdamu.riods which are fmgly loo fmalbfor its comprehenfion.; it> 

fic^i found, or therefore reduces foem to a fimple mufical found, conteifoondi> 
gravCj harmonic, 
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• iBg ill pitch to a flriilg; which vibrates once in tlie timcf 
eacbfuc^ffiFe cycle: ^ grave hafteotiie is oh this acoooht fgaaSl 

ways a lower note than any of its conflitaentSi feeing the time md fainter, ft 
of a cj%le exceeds the greateft vibration thit enters into 
compofition <|f it. The ftrength of a grave harmonic is allb 
weak^ when ohnpared with the notes compofiDg if> becaufe 
thefe fecondary founds, being nothing more than certain un- 
avoidable efforts of the imagination, they affume the character 
of a feeble found, wJych is juft ftrong enough to be heard in 
the company of one A more louder tones ; for the power of 
tbeimaguiation is stfwd^ inferior to eiftemal impreftions, ex* 
ccpt in fits of infanity,lwhen the organs of fenfe appear to be 
blunted by phyfical cauTes. This inferiority of the fancy may 
be affigned as the reafon of imaginary founds, which it fre- 
quently creates, being conftantly faint and apparently diftant. 

Dr. Young mentions a trait of the grave harmonics^ which 
fpares my own authority, a^d gives an opportunity to quote 
his for the following fa£t, which is of the firft monffent to the 
prefent theory ; The grave harmonics always keep the direfc- In proof of 
tion of*the ears, let the pofition of the head be changed as oft 
as 'you ^leiKe, refembling in this circumftance a ibrill piping it urged, 
note, called the ringing of the ears ; which evbry one afcribes 
to a flight affection of the auditory du£t, becaufe it differs from 
external founds in having no fixed diredion. The grave har- 
monics agree with the ringing of the ears in this remarkable 
particular; which is a ftrongi proof that their immediate qaafe 
is feated in the perfon of the hearer ; and it is evident from 
the nature of things, that this caufe originates in the mind, 
feeing that the organ does not labour at the time under a phy- 
fical impediment. 

1 have now given a general theory of thefe ideal founds. Concluding le* 
in compliance with Dr. Young^s injundions, but am not able "'**^1^** 
to perceive any connexion between the fubje6t and the queftion 
in debate. This was the reafon why I difregarded in my laft, 
one of the Dofloris remarks, which he has fince called a chal- 
lenge, perhaps in a petulant manner : a little more argument 
and a little lefs ill humour would certainly promote both his 
caufe and reputation. The Dodor endeavours to peifuade 
me, that I mifunderftand his idea of coalefcence. My idea of 
the fu^efi is limply this, that founds cannot coalefce ; confe- 
quently that all compounds are nothing but a number ot dif* 

B2 tin£L 
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BAGATEILIS RELATING TO THE PNEUMATIC APPAR ATU9« 

tii^ coteroporar^T founds : if tbe Do6lor will condefcend to ^ 
fay^ he contends for nothing more, th^ difpute is at an end ; 
but fliould he reject this propofal, I advife him to attempt the 
refutation of my paper by fober arguments, and to tranimit his 
thoughts to tliat Society which publiilied mine ; ^here, with- 
out doubt, they will meet with a candid reception, 

JOHN GOUGH. 

Middlejhaxv, near Kendal, 

Acember 13, 1802. 
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Bagatelles relating to the Pneumatic Apparatus. Sliding Stop- 
cock ; funple and fecure metallic Joint Jor Tubes ; Improvement 
qf Read*$ Apparatus; original Invention qf Woulfe*s Bottki 
and Tubes ; and of a Metliod of clofing Vejfels. By N. N.. 

Invention of § j . T HE prefent bagatelle writer has been frequently at a 
cock"! pneumatic experiments, to meet with ,ftoi>-^*ocks 

^ both cheap and perfeQIy air-tight, or to have them eafily re- 

paired when out of order. In a converfation he had on this 
fubje6l wdth Dr. Fifcher, ci-devant Aftronomer at Manheim, 
he underftood that Mr. Hel fen fried er, while Profeffor of Na- 
^ tural Philofophy at Ingoldlladt, to remedy fimilar defefts in his 
air-pumps, ufed fteel parallelopipSdons with a vertical and ho- 
rizontal opening joined at right angles, and Hiding between 
brafs-work. This furnifhed the writer with the idea of con- 
Ilru^ing Hiding flop-cocks for a gazometer ; he was conHru6t- 
ing Hmilar inHruments. He lays no claim to the invention ; 
but has found them anfwer extremely well, 

Defcriptlon of Fig. 1 . PI. L exhibits a fe^tion of the Hiding flop-cock put 
the cock, together. 

Fig. 2, One of the brafs pafallelopipedons fa a, Fig, 1) 
againfl which the pieces b and c, Fig. 1, are p^effed and united 
means of four ferews. 

Fig. 3. The Aider by which, when brought home on one 
fide, the Hop-cock is opened, and, on the contrary, (hut 
when moved flufli on the oppofite extremity. 

N. B. The bore of the whole is three-eighths of an inch 
diameter throughout, which is of the greateft advantage, when 

any 
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iny gas is immediately transferjed from the difengaging veflel 
to the gazometer ; for if the apparatus be fufficiently air-tig^t 
as it ought to be, and ^he gas rapidly difengaged, an explo- 
fion ma|r be occafioncd for want of a fufficient paffagc for thtf 
gas. 

Fig. 4. T^S^piece c. Fig. 1 . Its companion b ends in a 
male ferew to be united to the gazometer. 

Fig, 5. A perfpeftive view of the ftop-cock, the above enu- 
merated parts being put together. 

Fig. 6. A nut proved with a female ferew foldered to the 
gazometer, by means which the ftop-cock may be applied 
or removed as ufual. 

Fig. 7. reprefents tr'o brafs cylinders. One end/ is fitted 
by grinding to the orifice of the ftop-cock ; and to the other 
ends g and //, between x, is faftened a flexible tube for expe- 
riments with the blow-pipe. 

This flexible tube was ^adc by twifting a brafs-wire fpi- Cheap and very 
rally round a long thin cylinder, covering this wi^h oiled * 

twice wrapped round, and faftened by means of thread between gafti. 
the grooves of the wire. It was then again varniflied and co- 
vered i^ a £pira! manner with flieep-giit flit longitudinally, and 
again fecured with thread. Laftly, toprotedlthe whole from 
external injury, it was covered with leather in the fame man- 
ner as the tubes of the inhalers. Thefe flexible tubes anfwer the 
fame purpofe as the very coftly ones made of elaftic gum, ft- 
milar to the hollow bougies made for furgeons, ^ 

Fig. 8. A (broken) blovi^ipc, put in this place merely to 
(hew how its end k is connefted with the gazometer, by fitting 
into the end (f) of the brafs end of the flexible tube. 

§ 2. In pneumatic experiments for transferring any gas, for Defeription of a 
inftance oxigen, from the air-holder to another veflel, it is 
frequently neceflary to have tubes which can be joined in cer- 
tain diredtions and inclinations; and for thi'^ purpofe a con- 
trivance has been adopted, which is well known, and is re- 
prefented Fig. 1. Plate 11. where a and b are fpherical feg- 
ments, and c thfir jundtion by means of a ferew. But as this 
apparatus, befides that its parts are with difficulty well ground 
together, is liable to become imperfedl, more efpecially by 
ftrong preflure, or a blow received on the edges of the feg- 
menltf, or a grain of dufty fand interpofed between the fmall 
flat furfaccs, the writer of thefe trifles has contrived another, a better con- 

delineated 





Varioufi im-^ 
provements in 
Read's funnel 
apparatus* 
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delineated Fig. 2. A B C are the parts correfpondtng to tb<die 
ot* the preceding. It ferves as^ a connedling piece« to which 
tubes at D and H may be joined in the requifite dv^fiioRs. 
Its conflrudion and advantages are fufficiently obvious l^om the 
mere infpedtion of thf? drawings fo that nothing is requifite to 
be added on this account. Several friends had^ade it after 
this model, and highly recommend its ufe f and fince the 
making of it the writer underfiands that the ingenious Mr. 
Webfter, whofe merits were never properly eflimated by the 
great improver of culinary utenfils, hai^e fame thought, and 
executed it about two years ago ; he, t lerefore, does not claim 
the merit of its firft invention, but onlj ' (perhaps) that of pub* 
lifhing it. 

The fliding fiop*>cocks, § 1, as well as thefe conneAing 
pieces, § 2, have been executed in a mafterly manner by Mr. 
Hooke, optician and mathematical inftrumenl maker. No. 1$9, 
Fleet-fireet. 

§ 3. In Mr. Read’s very fimpl^ and cheap pneumatic appa» 
ratus (fee Nicholfon’s Jourtial, new feries, Vol. HI, page 55) 
two improvements have. fince been made. The firft, that the 
top of the exterior tube is not foldered to the funnel I ‘(f late 
IV. dt.) but has a top fcrewed on with a collar of leathers, 
and the upper part of the innermoft tube A F projefts above it 
If inch, and receives the brafs cylindrical end of the funnel, 
fitted to it by grinding. The fecond improvement has been 
made by Mr. Hooke, who inftead of foldering all the parts to* 
gether, has joined the interior parts to the outer tube A A, 
in the middle about E. By thefe means, if any impurities that 
might impede the a6lion of the inftrument, fhould happen to 
fettle at the bottom C or D, or at L, the whole may be eafily 
taken afunder and cleaned. 

§ 4. The whole chemical world fpeaks, hears, and writes 
ntu8 was invent- of Woulfe’s pn^matic apparatus. The tribute of m^rit mufti 
cd by Glauber. denied to Mr. Woulfe ; but perhaps it may be curiou# 

to know, that the original invention of this contrivance, in the 
ftridt fenfe, belongs to good honeft iath^ John Rudolph 
Glauber. If any gentleman doubt of thi^ fad, let him confult 
Glauber’s works, tranfiatedinto Engliihby Chriftopher Packe^ 
and printed, Lond. 1689, in folio, for the tranflator, by Thomaa 
Milbourn, The very firft plate to Glauber’s Treatife ofl Pht 
lofophical Furnaces (hews it, Fig. 3. 

§ 5. An^ 


Woulfe's Ippa- 
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i § Another bagatelle of this kind, relating to pneumatic Another old in* 
’ indruments, is a pretended ne\ii^ metiiod of doling jetties ani 
other vetjels air-tight zviBhout luting or grindhig, which, a few 
years p«^, I iaw recommended (I do not recoiled in which of 
cur Journals), and which coniifts in having a groove round the 
neck into whiv^ a cap fits, fee Fig. 3 ; fo that this groove (a) 
may be charges with water or mercury as circumftances re- 
quire. This likewiio belongs originally to Glauber, as may 
be feen in the plate juH before quoted of the tranilation of his 
Works. 

Tha\e is nothing neus \nder the fun, fays Solomon, Eccles, I, 

Y; 10. and more of thi''jkind of old news (hall be occafionally 
given by, 

SIR; 

Your humble fervant, 

N.N^. 

December 12, 1802. 


III. 

• • • 

Analyfi^ rf Corundum, and offome of the Subjlances which accom-^ 
party it ; iviih Ohfer vations on the Affinities which the Earths 
have been fuppofed to have for each other in the humid Way, 

% Richard Chenevix, Eft^. F, R, S. and M, R, L A, 

From the Fhilofophical TranjaRions for 1 802. 

§ I. 

Some kinds of corundum, fuch as the adamantine fpar ofRindsofconui- 
China, and the fapphire, have already been analyzed by Mr, 

Klaproth. This would have rendered any further experiments ^ 
unnecelTary, were it not, that 1 have had at my difpofal many 
kinds of corundum he did not poflefs, and alfo fome fubliances 
accompanying it, which were unknown before the preceding 
communication oT the Count de Bournon. 

As, from the refult of my analyfes, it appears that all the All the kinds 
different kinds of corundum are nearly fimilar in their confti- 
tuent parts, and diner only in their proportions, it would be 
tedious to mention every experiment I made upon each kind. 

I (hall therefore coniine myfelf to Rating, once for all, fuch 

modes 
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modes of analylis as were employed with ftones of a iimilar 

mature ; and then prefent a ffimmary of the refults : laftly, I 

(ball conclude with an enquiry into ^ much contet^ed point, 

which lately threatened a revolution in docimaftic ch^iaiftry. 

Principal cha- ^ principal char?6ter of corundum in general, as may bt 
ra^cr: Extreme f j . ^ , . . . , ^ r • » 

hardnefs, lOiind in the Count de Bournon s mineralogicyroelcription, is 

extreme hardnefs ; and thence the difficulty W reducing that 
fubftance into fine powder will be eafily conceived. We are 
(old by docimaAic chemiAs, that the moA advantageous method 
of pulverizing hard Aones, is co makefthem red-hot ; and, in 
that Aate, to plunge them into cold water. But I found that 
this operation, when performed but ^nce, was by no means 
Pulveriaed after fafficient for corundum. I therefore repeated it, till the Aone 
and^quendun^^^^ I® be AfiTured in every direftion. After this, the 

fpecimen to be pulverized was put into a Aeel mortar, about 
three-fourths of an inch in diameter, and three inches in depth, 
into which a Aeel peAle was very clofely adjuAed. A few 
blows upon the peAle caufed the Aone to crumble ; and the 
fragmentsfwere then eafily reduced into an impalpable powder, 
in an agate mortar, with a peAle of the fame material. The 
abrafion from the mortar, ufual in the pulverization of hard 

Aones, was much diminiAied by the above precaution ; rubies 
and fapphires being, in a Aiorttime, ground to a powder nearly 
as minute as the fineA precipitate. 

The great diffi- M. Klaproth in his analyfis before-mentioned, had obferved 
corundum wifh difficulty the Aones were a61ed upon by jJotaAi 

alkali, renders or foda. I found that the greatoA heat a filver crucible could 

ic(Amablf Iwpport, without melting, was not fufficient to produce a fa- 

tisfaftory fufion of one part of corundum, with Ax parts of 
either of thofe alkalis ; nor did an expofure to that tempera- 
ture during feveral hours, feem to render the treatment more 
efifedual. Not more than half the quantity of the corundum 
was ever rendered foluble in any acid ; and what remained was 
the powder of the Aone, wholly unchanged. The repeated 
fiUrations and evaporations with which this treatment muA ‘ 
be attended, not only render it tedious, but alfo produce 
uncertainty in the refults. Even when very finely powdered 
corundum was expofed, with lix times its weight of potaAi, in 
a plalina crucible, to a heat of 1 40® of Wedgwood, for two 
hours together, it was not a£ted upon in fuch a mannef as to 

he 



THE ACCOMPAKYING SUBSTANCES. 


9 


be fit for analyfis. From all Ih^fe experiments I concluded, 
that fome more efficacious mode of rendering corundum foluble^ 
in acids v^s to be fought? 

I boil«|^ a great quantity of fulphuric acid upon very finely Neither the vo- 
powdered corundum in a platina crucibles But, although the phofphoric 
acid, after a gi^t length of time, had diflblved a little of the have any notable 
ftone, I did not: find this method more fatisfa6lory than the 
others. Nitric, muriatic, and nitro-muriatic acids, were lefs 
effc6lual than the fulphuric. Phofphoric acid, held in fufion 
with corundum, did nc^ difiblve any notable portion of that 
ftone, or render it folubll in other acids. 

then had recourfe to^fub.boratc of foda (borax), which I It 

found to anfwer beyond ^y expeflation. Two parts of 
fait, calcined, and one of corundum, enter into fufion, at a and one r>f cor, 
temperature which I judged to be about 80®.of Wedgwood i'n^murlatic 
and a glafs, more or lefs coloured, is formed. This glafs isacid. 
foluble in muriatic acid ; and, by this method, it is eafy to ob- 
tain a complete folution of corundum. My general method of 
operating was as follows : 

I took one hundred grains of corundum ; and, having 
ral tim^s made it red-hot, and plunged it into cold water, I put pulverized; fufed 
it into the TleS mortar, and treated it as already mentioned, I "['fh 200 borax; 
then poured fome very dilute muriatic acid upon it, to watli ofl 
whatever iron might have adhered, in confeqiience of its me- ('•vap. to dryneft 
chanical action upon the mortar. After it was dried ^‘^^p^dplTyTlk 
weighed, I put it into the agate mortar, and ground it as finecarb,)nate^ ab. 
as I could. The augmentation t)f weight was then noted ; 
was always taken into account in the general refult, I thenfoive the precip' 
put the whole into a platina crucible, with 200 grains of acid 5 

cined fub-borate of foda, and expofed the mixture for an hour filter the mu r!* 
or two to a violent heat. When the crucible was cool, muriatic 5 precip. 

acid was boiled upoii it and its contents; and, in about twelve pxceAof>otaA- 

hours, all the glafs difappeared. If I widied to ol)tain the filica oxide of iron is 
dire6lly, I evaporated the whole todrynefs; but, if other 
Jfr precipitated by an alkaline carbonate, and wafhed the preci-mina taken up 
pitate, in order to get rid of all the falts contained in the liquor. 

This latter mode I believe to be preferable. I then re-dilfolvedmiM^by mur.'*of 
the precipitate in muriatic acid, and evaporated for filica. Bul,*'^*”t Waft, 
as corundum contains only a fniall portion of this earth, there wcIgh^hcMrthf. 

f I hafe no doubt that a lower temperature would be fufficlent. 


was 
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was little or no appearance oj jelly. When the filica was thus 
precipitated by evaporation, I filtered the liquor, and boiled it 
with an exccfs of potafh. By this ojieration, the alumina was 
precipitated, and then re-diflblved by the excefs of pqjiafh, ftom ^ 
which it was finally' obtained by muriate of ammonia ; the iron 
which had remained undiflblved by the potafli^^ving of courfe 
been previoufiy feparated from the alumina. This earth, and 
the filica, after being waflied and dried, were ignited, and thus 
the weight of both was obtained. 

Ix^mplc. Ana- 1 (hall exemplify, in a fingle induce, this mode of treat- 
Ij iii of the fap- prefent the refults obtained from the different 

kinds of corundum. For this purp(jfc, I ftiall felefl the blue 
perfect corundum, or fapphire, as the ftone which has been the 
moft ably analyzed by Mr. Klaproth. From a view of both 
analyfes, the efficacy of the fufion with borax will be evident ; 
and the refults of the feveral experiments may be compared. 

100 grs. fapphire 1. 100 grains of fapphire, pulverized in the agate mortar, 
were pulvcri^zcd ^bove Hated, had increafed to 105. Thefe 105 were mixed 
into a green glafs with 250 of calcined fub-borate of foda, and put into aplatina 
with 150 horax, They were then expofed to a violent heat for two 

hours, and afterwards allowed to cool. The mafs was vitrified^ 
and had the appearance of a greenilh blue glafs, filTured in 
many dire^ions. 

which wai dif- 2. This glafs being ftrongly attached to the platina crucible, 

lolved in boiling whole was put into muriatic acid, and boiled for fomO 
xnur. acid. 1 / 1 i i- • 1 i* 1 . 

* hours. By Ihcie means, a total and limpid lolution was ob^ 

tained. * 

Picclp. by carb. 3 , The matter of the flone was next precipitated, by am- 
entirely faturated with carbonic acid ; the liquor 
difTolvadinmur. was filtered ; and the precipitate well waffied and dried. It 
and expof. to rediffolved in muriatic acid, and evaporated, 

it gaveaprccip. ^1-. By this evaporation a precipitate was formed, which, 
of lo.zs filica. when well w'afbed and ignited, weighed 10,25 grains, and 
was filica. 

The water of 5. The liquor, together with that which had wafhed the pr(S 

wdlhing and the eipj^ate, was boiled in a filver veffel, with an excefs of potalh ; 
mur. liquor were , . . , ^ * 

boiled with ex- this rodiflolved all the precipitate, except one grain. 

ceft of potalh. Muriate of ammonia was poured into the alkaline folution. 

iron remained, (^o. 5.) The potafli expelled the ammonia from the muriatic 
Mur. of arnm. acid, and, forming muriate of potalh, could no longer retain 
Idk; fouSon.^^^ the earth in folution ; a very copious precipitate, therefore, was 

formed. 


The water of 


ilk; folution. 
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formed. This precipitate had all the properties of alumina ; potaih left 
and, when well waihed and ignited, weighed 98 grains. Con- 
fequently, deducting 5 frofti the iilica, for the abrafion of thefufferedihealu- 
mCNTtar, w^lhall have for refult, wJSild 

Silica - - • • * 5,25 nlted it weighed 

Alumina * - • - 92 

Iron ... - 1 

JLofs .... 1,75 


100 , 00 . 

The chief difference between thefe proportions and thofe As KUproth 
efiablifhed by Mr. Klaprofh, is in the filica. 

did not find any notable portion of it in the fpecimens lie exa-this point was* 

mined. This naturally induced me to make a very re- 

fcarch into every pofhble means by which any filica might have 

been introduced into the refults ; whether by the borax, the 

alkali, or any of the other re-agents I had ufed. But, finding 

very clearly, that none of thefe fubftances did contain ^any, I 

could no longer heiitate to believe, that the proportion I have 

here ftated, was actually contained in the fapphire I analyzed, 

I am likf wife convinced, that no more than the quantity I 
have mentioned was worn from the agate mortar and peflic ; 
for my confiant pra6lice was, to weigh them, both before and 
after I had ufed them, in fcales which, when charged with four 
pounds on each end, turn eafily with the tenth part of a grain. 

The general refults, from all the different kinds of corundunD, 
were as follows : 


Blue perfect Corundum^ or 
Sapphire. 

Silica - - . 5,25 

Alumina - - - 92 

Iron ... 1 

l-ofs - . .1,75 


Tied perfeSl Corundum, or Component pvti 
Ruby. of diflT. klodsof 

Silica . - .7 corundutDi 

Alumina - - 90 

Iron . - .1,2 

Lofs . • 1,8 


100 , 00 . 

ImperfeSt Corundum from the 
Carnatic. 

Silica ... 5 

Alumina . - - 91 

Iron ... 1,5 

l^ofs . • . * . 2,5 


100 , 0 . 


100 , 0 . 

Imperfedt Corundum ffom 
Mahbar. 

Silica ... 7 

Alumina . - 86,5 

Iron .. .. 4 

Lofs ... 2,5 


100 , 0 , 

JmperfsSt 
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ImperfeSl Corundum from 
China, 

Silica - - - 5^25 

Alumina - - 8 6*, 50 

Iron - - • - 6,30 

Lofs . . - 1,75 


100 , 00 . 


Imperfea Corundum from 


Silica - - ^ 

- 6,5 

Alumina 

87,0 

Iron 

. 4,5 

Lofs * y’- 

2,0 


100,0. 


Tht-ir dlff. of As I could not difcover chrome, or any other colouring fub- 
fiotn the 0^1- l^^ncc, except iron, in thcfc ftoneSj^ can attribute their difier- 
diaement of the cncc of colour only to the different ftate of oxidizement of the 
iron; but it is impoffible to afeertain what that ftate may be, 
from fo final I a quantity. 

The matrices of The matrices of thefe flones, and the fubftances accompa- 
Inf/to^tTc them, are mere cafily fufed than the fix kinds of corun* 

analyfis. dum jufl mentioned. The ufual and well known mode of treat- 
ment by potalh, was fuflicienti'.o render thefe fubftances folublc 
in the Kcids. Since the many experiments of Klaproth, Vaii- 
quclin, and others, (he mode of analyzing mineral bodies. is 
become fo familiar to chemifts, that I dial 1 mention particulars 
with refpeft to one only of the following fubftatxo^. ** 

MATRIX OF CORUNDUM FROM THE PENINSULA. 
OF INDIA. 

Matrix of Indian 1 . A certain quantity of this matrix was reduced to powder, 
grs^fufed *with°“^ manner already deferibed. 100 grains of it were treated 

potafhj dl/Tolved with potafli, in a filver crucible; they then afforded a limpid 
evaporated**^ * folution in muriatic acid. The liquor was evaporated ; and, 
diflbl. in fm.ex.^ long before the inafs w'as entirely dry, it had aftumed the 
ccfsofacid j left appearance of a jelly. When the faline matter in the evapo- 
4®i5 ^ M j-ating-dilli was diffolved in a flight excefs of acid, a white 
powder remained at bottom, which had all the properties of 
filica, and, when waflicdand ignited, weighed 4-2,5 grains. 
Ammonu threw 2. Into the liquor which had ferved to wafli the above pow- 
»nd oxlde”'”^ der, I poured ammonia. A copious precipitate was thus forme'h, 
which was feparated by filtiation, and well waflied. 

Carb. potaih 3. Carbonate of potafli alfo caufed a precipitate in the li- 
quor of No. 2. This precipitate was found to be carbonate of 
lime 15. lime, and w eighed 23,5 grains, = 15 of lime. 

The alumina 4-. The precipitate of No. 2. was rediflbived ii; muriatic 
and oxide were boiled with an excefs of potafli, and filtered. There 

aciij and the. reuiaineJ undillolvcu, 3 grains, which were iron. 


5. The 
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5. The liquor of No, 4, was precipitated by muriate of am- altAiina t^ken 
monia, and afforded alumina^ which, being wafhed and ignited, 


weighed 37^5 grains. 

I could anb perceive a trace of manganefe.^ 
The proportions therefore are. 


mained. 

Mur. amm. pft- 
cipltated 37,5 
alumna* 


Silica - 

42,5 

Alumina 

• 37,5 

Lime 

15,0 

Iron 

- 3,0 

Lofs, with a trace (if manganefe - 

2,0 


100,0. 


Manganefe% a 
trace. 

Comp, parts. 


By a fimilar treatment, the following fubflances, contained 
in this matrix, afibrded the under-mentioned refults. 



Felfpar, 


Component parts 

Silica 

- • 

64 

of felfpar ; 

Alumina 


. 2t 


Lime 

- 

6,25 


Iron - 

• 

- 2,00 


Lbfs • • - 

m m 

Fibrolite, 

3,75 

100,00. 

of fibrollte > 

Silica 

m m 

38 


Alumina 

• 

- 58,25 


A trace of iron. 

and lofs * 

3,75 



100 , 00 . 

This is the only ftone I have ever met with, that yielded 
nothing but (ilica and alumina ; for the quantity of iron was fo 
fmall as hardly to be taken into account. 1 have repealed this 
analyfis three times, and have not found a difference of half a 
grain. 

ThdUu in Cr^als, xmth a rough Surface, of rou^ih thallltc; 


Silica 

• 

1 

1 

• Alumina 

- 28 

Lime 

15 

Iron 

. 11 

Lo^s 

I 

100. 
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« 

of pritoitic 

Thallite in 

Prifins likejthe Tourmalin^ 

thallite s 

Silica - 

W 

c 

Alumina 

. 25 


Lime 

21,5 


Iron - 

^ - n,5 


Lofs 

• - 2 

100,0. 


•f thallite !n 
tranfparent frag* 
ncQti i 


Thallite in Fragments, of a fine danfiparent Yellow Colour. 


Silica 


• 

42 

Alumina 

m 

• 

- 25,5 

Lime 


* 

* 16 

Iron - 


- 

. 14 

Loi's 

• 

- 

2,5 


100 , 0 , 


of fibwlltc of the 
Chinefe corun- 
dum; 


of felfpar from 
fund of Ceylon. 


Fihrolite accompanying the Matrix of Corundum f'om Chinur 


Silica • . . 

38 

Alumina - 

46 

Iron - • 

13 

Lofs 

- 3 

Fdfpar from Sand of Ceylon. 

100. 

Silica - . ^ 

68,5 

Aluiinna 

- 20,5 

Lime , 

7 

Iron - 

- 1,5 

Lofs . , , 

2,5 


100,0. 


Metallic cru- 
cibles alone muft 
be ufed with 
eaichs ; 


aamely, filvrr 
and platina. 


As the greater part of the above fubftances were fufible 
without difficulty in potaffi, I preferred ufing a iilver crucible 
to any other. It may be laid down as a general rule, with 
refpedl to delicate experiments, that in the treatment of me« 
tallic fubffances, we ffiould not ufe metallic crucibles ; but| in 
the treatment of earthy bodies, they alone are to be depended 
upon. The eafily oxidizablc met^s cannot be employed ; but 
filvcr and platina prefent advantages which no other metals 

feem 
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fbem to pofiefs. Theory would dbrtainly give a general pre- iT "" 
ierence to platina, from its^fithuice both to heat apd to acids ; 
and pra^ticb will judify this preference, in all but a fingle in- 
, fiance. I? a quantity of potafh be kept for fome time in fu- phtlna Is pr?- 
lion, in a platina crucible, it will be found that the crucible tcraWc j except 
has loft feveral grains of its weight. The platina fo <lifthlved 
may be looked for in the potafh ; and, if this be faturated it» 
with muriatic acid, and evaporated, we fliall find the well- 
known triple fait, formed by the combination of muriatic acid 
with polalh and oxide of |.]atina. This action of potafii upon 
platina, does not depend upon any mechanical caufe, fuch as 
fri^ion, the force that determines it being purely chemical. 

If a fait formed by potafl), or a fait formed by ammonia, be Spaniih method 
mixed with a fait of olr'^na, a precipitate enfues, which ^ 
triple fait ; and it is tliis method, that the Spanifii govern- gSd.** The^tUs 
ment detects the platina, in the ingots of gold lent from their platina are 
American pofiefTions. It is therefore evident, that an affinity Jic)'by^h(? faTts* 
does exift bet\ .en potafft and platina, in a certain ftate ; and of potafli. 

I imagine .c be this affinity, which caufes the oxidizement 
of the platina, when potaffi is kept in fufion upon that metal. 

I muft hbwffV(B- oLferve, lliat my crucible was prepared by Is platina af- 
Janetty, in Paris, according to a method he has publiffied in 
the Anmhs de Chimic : and that he always employs arfenic, a tains*? ** 
little of which certainly »-emains united to the platina. What 
influence arfenic may tiave, remains to be determined. Soda Soda fcarcely 
does not form a triple ialt with t^je oxide of plalinii ; for I have 
frequently kept this alkali in fuffon, in a platina crucible, for 
a long time ; yet very little action was produc ed upon (he 
metal. This fa6t feems to corroborate my alfertion, that the 
affinity of potaffi for oxide of platina, determines the oxidize- 
ment of the metal. 

Whenever I furpe61ed that’ platina had been diflblved, I Muriate of tin 
could eafily dete6t the iinalleft portion of it. A folution **1^*^' 

ghfttna, fo dilute as to be nearly colourlefs, manifefts, in atina. 
voiy (hort time, the colour of a much- more concentrate folu- 
tioD> and becomes reddiffi, by the addition of a folution of tin 
in muriatic acid. This I have found to be, by many degrees^ 
the moft fenfible teft for platina; and it would anfwer the 
ptirpofes of the Spanilh government, much better than that 
tfeey ufuaMy employ. 

The 
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Alkalis do notV 
adt on (fiver } 
^et the crucibles 
become rather 
xno|e brittle by 
long ufe. 

The fixed alkalis 
rife by mere 
heatj potafli 
more icadily 
than Coda. 


Water alTifts 
their elevation. 


Potalh ufefuiiy 
volatilized in 
b ’caching. 
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The alkalis have no imiiiediate adion upon filver; but I 
have obferved, that crucibles of tlys metal, after they have 
been a long time in ufe# become fomewhat more ‘brittle than 
they were before. * 

Potarti and foda have long been termed fixed alkalis ; and 
it is certain that, if we compare them with ammonia, they arc 
f ). But Jiied is an abfolute term, and' cannot admit of de- 
grees. If potafli, fuch as we obtain from Mr. Berthollet's 
method of preparing it, be kept in fufion at a very ftrong heat, 
it may be totally volatilized. TheA^apour of the alkali may 
be perceived in the room ; and vegetable colours will undergo 
the change which is ufually produced by alkalis. Indeed, in 
preparing Mr. Berthollct’s potafli, the vapour of the alkali 
may be eafily perceived. Soda is not quite fo volatile ; though 
far from being fixed. It appears alfo, that a little water in- 
creafes the volatility of both potafli and foda, as happens with 
boracic acid. This volatility rf potafli, has been advantage- 
oufly applied of late to the art of bleaching. 


§ II. 

O/i the AffiJiitia the Earths have been fuppefed id }irte*for each 
other, in the humid way. 

In the courfe of tlie foregoing analyfis, I had occafion ID 
make I’ome further obfervalions concerning a fiibjeft upon 
which I had been formerly engaged, namely, on the affinities 
the earths have been fuppofed to have for each other, when 
held in folution by acid or alkaline menflrua. 

On the affinities jn the XXVIIIth volume of the Annaks de Chimie, page 189 , 
cach!otwi!** publiflicd a paper upon theanalyfis of fome magnefian ftones. 
Hiflorical fadls. In this paper, I took notice of the following affinities of the. 

earths for each other, namely, the affinity of alumina for mag- 
nefia, of alumina for lime, and of alumina for filica. In the 
XXXIft volifmc, page 24-6, there is a memoir, by Guyton de 
Guyton^s expe- Morveau, upon a fimilar fubjedl ;* and he there reports forae 
riaenis. experiments of his owm, by which he was induced to thinl^' 
that the earths do really poflefs a chemical attradlion for one 
another. Since that time, the affinity of the earths has been 


* He has takeu no notice of any of the experiments contained in 
my paper. 

^ received 
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reoEivqd among chemilb as an Indoubted fad| and^ at the^ 
oad of Mr. Kirwan^s m tie Aaa^ qf mineral tFnlere, 
we find a iift of earthy talts which prodnce a ie»adion upon 
one another, fuppofed to becaufed by an affinity that tends to 
unite iheir bafes, in the form of a precipithtOi infoluble in the 
aokis. Some other detached obfervaltons are to be found, in 
the Journal ie Phj/fiquc, and in the Anndes de Cliimie* The 
fa^ is certainly one of the moil important in the docimaftic art, 
and merits all the attention of the ikilful in that branch. 

In the XLth volume of the Aanaks de Outnic^ page 5Q, cooteftsi hf 
Darracq has publiihed a paper, intended as a refutation of the 
conclutions drawn by Guyton. I had myfelf repeated the 
greater part of the experiments of the latter ; and the rcfults 
1 obtained were exa6lly fimilar to thofe of Darracq. In fa€l, 

I had intended to continue the refearches ; but the very 
fadory paper of Darracq, appeared to me to render a further 
profccution of them totally o^etels. However, a paragraph 
inferted in the AnnaUs de Chimie, (Tom. XLI. p. 2P6.) and 
of which Guyton appears to be the author, iliews that he has 
not derived from the Memoir of Darracq, that convidion 
which •it aei^ainly conveys. The paragraph in queftion is 
founded upon a letter, written from Frayberg, by Dr. G. M. 
to Dr. Babington, dated December 17, 1800, and inferted in 
the IVth volume of NiGholfon^s Journal, page SI 1 . This let* 
ter contains an opinion which deferves to be canvaiTed, as it is 
not perfediy juil; and the ufe Guyton has made of it, has 
determined me to add my obfervations to thofe of Darracq. 

1 (hall follow the order of Guyton's experiments, in the Repetition et 
enumeration of tliofe I made. SneSs * 

Exp, 1 . From a mixture of limc*waler and beryies-water, Lime-vwter ml 
Guyton obtained a precipitate. 1 obtained none. ^rytcs*water 

£xp, 2. A folution of alumina iopotafb, mixed with a folu* 
tion e£ filica in the fame, gave a precipitate, ufler ilandii^ Alumina in poi* 
ibrne tune. This had been obferved by Darracq, and by potaA = p^cip, 
Guyton, and agrees perfedly with the affinity which, before — Afeertainsi 
Guyton publiflied his paper, I had afferted to exift between 
Ihefe two earths. 

Exp. S, 4, 5, Lime-water, firontia-water, and barytes* Water of 
water, produce a fomewhat fimilar effed upon a folution 
filica in potalh. m filicTinpju 

VoL. IV.— Januaey, 180S. C 
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Barytes water, V Exp. 6. No precipitate t(fck place from a mixture ofba- 
vvatef^^ ftrontia-water ; nor ^om folutioDs of the caf- 

tipiute, boiiatcs of thofe earths, in water impregnated with* i:arbonic 
♦ acid. 

Mur. lime and £xp. 7. Guyton obtained a precipitate, by mixing folutions 
—^preclpT— ^ muriate of lime and muriate of alumina. I could not obtain 

Failed. 

Mur. lime and 


Mur. lime and p^p. 8. Solutions of muriate of lime and muriate of mag- 
^ no*predp^!^* nefia. when mixed, did not afford a precipitate. 

Mur. lime and prp. 9. Muriate of barytes did not, as Guyton has afforted, 
pecip^—VaUed!^ ^ofin a precipitate with muriate of lime. He was right in 
faying, that muriate of llroniia gave no precipitate with mu- 
riate oi lime, 

Mur. mag. and Exp. 10. Muriate of magnefia and of alumina, afforded me 

mur. alum, r: no piecipitate. Guyton lays, that the liquors became milky, 
no precip. * % * • i* r i i i i ■ 

Mur. magnefia Exp. 1 1 . Muriate ot magnefia, whether mixed with muriate 

and mur. ot ba- of barytes 01 of ftroiitia, afforded me no change ; although 
•z^ab^ndant' Guylou fays he obtained an abundant precipitate, by mixing 
prccip.— Failed, muriate of magnefia with muriate of barytes. 

Mur. alum, and Exp, 12. Muriate of alumina and of barytes, did not, when 
mur. bary^tes ^ mixed together, yield any precipitate. Guyton si^forts, that 
precip. ai c . ^ precipitate in this cafe. 

Mur. barytes Exp. 13. Muriate of barytes and of Ibontia, did not form ‘a 
and ftrontia z: precipitate. Guyton has remarked the fame. 

Mun'ftrontia E!xp. 14. From muriate of ftrontia and of alumina, I ob- 
and alumina z: tained no precipitate. With Guyton the liquor became 
milky. 

Guyton was experiments it appears very clearly, that 

Wrong in aflert- Guyton has pronounced too haftily, upon the affinity which he 
SS affinity fo” barytes to entertain for lime, for magnefia, and for 

lime, mafnefia alumina ; and that he is equally in the wrong, with regard to 
andffi'aTftrontia ®*^*i*^y 0^ ftronlia and alumina. With regard to Exp. 3, 4, 
ittra^h alumina, and 5, although they appear to be true, yet it would require 
the rerpedlive precipitates to be further examined, before wc 
admit a decided affinity between the earths. The quantity of' 
carbonic acid alfo, which muft of courfe combine with the 
potafti, during the treatment of the fiiica by that alkali, fiiould 
be taken into account, in confidering the caufe of the preci- 
pitate. 

The 


Guyton was 
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The folutions which I ufed, of all the above falts, were in 
the moft concentrate fHite: therefore, in the ftate moft fa- 
vourabl^for ihowing precipitation, if any had taken place. 

It is not very difficult to account for Jjlie appearances thatCaufes of Ae 
deceived Mr. Guyton in his experiments, and for Ihe caufe 
that produced them. In one inftance, he obtained a precipi- 
tate from muriate of lime and of alumina, becaufc, in all pro^ 
bability, the alumina he dilToIved in muriatic acid had been 
precipitated from alum ; and alumina, thus prepared, retains 
a fmall portion of fulphuric acid In the next place, it is 
very likely that his folutions were fufficiently concentrate to 
give a precipitate of fulphate of lime. The Giine was the 
cafe with regard to his mixture of muriate ofilrontia with 
muriate of alumina. As to the general conclufion, that ba- 
rytes has an affinity for lime, magnefia, and alumina, which 
ftrontia does not appear to poffisfs, it is to be explained as 
follows. Lime often containf a little fulphate of lime, Mr. 

Guyton's magnefia, as well as his alumina? had probJbly been 
•obtained from the fulphate ; and we are indebted to Mr. 

Berthollet, for the true nature of many fimilar precipitates. 

Barylcrt? a much more delicate teft than ftrontia, for ful- 
phuric acid ; and therefore, barytic folutions were aflfeded by 
quantities of fulphuric acid, which Arontia could not render 
fenfible. This I have afcerlained to be the cafe : for I have 
obtained copious precipitates, by barytes, in a liquor com- 
pofed for the purpofe, wherein Arontia did not produce the 
fmalleA cloud, or (liow the prefence of fulphuric acid. 

A little care and attention are neceflary, in preparing the He did not take 

earths, which are to be difiblved in the muriatic acid, for care mpre- 
, , panng hie 

thefe experiments ; and, if Mr. Guyton had taken the requi- cartlit. 

Ate precautions, he would not have been led into error. The 
objedl to be kept in view is, to free tlie earth from fulphuric 
acid ; and, if this be obtained, there is not the fmalleA pre- 
^cipitate or cloud, in any of (he cafes I have mentioned. If 

* It is fomewhat fingular, that Guyton (hould have obferved this 
fa£t elfewhei;e. See his experiments on the diamond, in the Annales 
tie Chimie, The preparation of a barytic fait, by alumina prepared 
from the fulphate of this earth, had been obferved by Scheele, in 
his EJay on the Affinities of Bodies, But that great chcinift refeired 
the pheifbmenon to its right caufe, viz. to fome fulphuric aci^ re* 
nialning in all alumina thus prepared. 

C 2 
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any further proof be neceflary, with regard to tho caofe of 
precipitates obtained in the manner Rated by Mr* OOyton, I 
may add, that I have repeated Ins experiments, 
ways found the precipitates to be fulphate of barytes. 

Mr. Kirwan has The general conclufion to be drawn from the Obfetvatkwfe 
^ of Mr. Kirwan, already alluded to, is, that baryt^ft had aii aft* 
finity for lime, magnefia, and alumina, upon which earthfe 
flrontra does not feem to have any influence. But thele mif- 
takes are to be accounted for in the fame manner as thole of 
Mr. Guyton, viz. by fulphate of barytes being much lefe (ena- 
ble than fulphate of ftrontia, and therefore (bowing the pre- 
fence of a fmaller portion of fulphuric acid, or, in other words, 
being a much more delicate teft for that lubflance. 

Letter In NI- With regard to the letter already mentioiwd as being in- 
cholfon’s Jour- ferted in NichoUon’s Journal, and which drew fome reflec- 
* tions from Mr. Guyton, it is neceffary to examine as much of 

it as ma_^ be thought obje^ionaftle* 

afTeitlng that The author fayst thjit he repeated the experiments of Mr. 
p[tate^o/iflica U alkaline folution of filica and alumina, and 

foluble in acids, that he obtained a precipitate; which precipitate, though con- 
anaiyfu wUtf Valuing filica, was totally foluble in the acids. he 

alkalis mull be fays, ** the properties of the (ilex miift be confiderably altered, 
fallacious. render all analyfis with alkalis fufpicious ; and (hews 

on what fallacious grounds the proud dominion of chemiftry 
refts, which flie has exercifed fo long, in fuch an arbitrary 
and overbearing manner, in 'the mineral kingdom." This 
This faa Ison opinion is by no means likely to overthrow the pretenfions of 
chemiftry ; for the very circumflance of rendering filica fol in 
provement in ble in the acids, is one of the difeoveries that has mod con- 
modem analyfisi tributed to render certain, and to extend, our knowledge of 
analylis. No earthy fuhflance is now thought fit to be &b- 
mitted to further experiment, till a complete folution of it in 
an acid be firft obtained ; and, when that folution cannot be 
effedled direflly by the acid, it is always attempted by pro- 
vious fufion with an alkali. This mode of rendering filica 
foluble in acids, is no new difeovery ; it has been long known ; 
and the analyfis of minerals has never been brought fo near tp 
truth, as fince it has bocome an indifpenfable condition. 

Alumina at- I have no doubt as to the fadt of a precipitate being formed, 
trafta filica; mixing together an alkaline folution of filica and klumina. 

Alumina indeed appears to exercife an attradion, as I before 

dated. 
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for for magneiia, *and for lime. All Aofles in^ 
which there is but little ^uniina, aiul a great quantit)* of filica, 
leave, ^er fiifion with potath, a light and flocculent fob- 
fiance> which cannot be diifoived by the acids : this fubdance, 
however, which is iilica, has been in folution in the alkali. 

But, if a greater proportion of alumina be prefent, none of*«<lp;?nioicsits 
this <fiocculent precipitate appears; hence it is evident, that ^®^“**‘**^^ * 
alumina mud determine its folution. Its eafy folubility, in the 
latter cafe, cannot depend upon the diviiion of the particles 
of the filica in the done ; for, in the drd place, after being 
fufed with potath, the tenuity of the particles of every done 
mud be nearly the fame ; and, in the next place, I have not 
obferved, that any earth, except alumina, can promote the 
c'hemical folution of the dlica, though they mud all occaiion 
its mechanical divifion. 

As to llie aflfinity of alumina for magneda, it is by much Alumina very 
the mod i>owerful of all thoft which any of the earths have Powerfully at- 
for each other, I attempted to precipitate magiffeiia from 
muriatic acid, by ammonia, even in excefs ; but found that 
the whole muriate of magnefia had not been decompofed, and 
that a trijW fait, or an amnioniacal muriate of inagneda 
had been formed. 1 then poured an excefs of ammonia into a 
folution of muriate of magnefia, mixed with a large proportion 
©f a folution of muriate of alumina. All the earth was preci- 
pitated ; and nothing remained in folution, except muriate of 
ammonia. The liquor was Iben filtered, and the precipitate 
wafhed and dried. I diflblved it in muriatic acid, and boiled 
it with a great excefs of potadi. Some alumina was taken up, 
but by ho means all the quantity that had been ufed. The 
precipitate which had refilled the adion of potafli, was again 
difiblved in muriatic acid, and precipitated by carbonate of 
potafh. The carbonate of magnefia was held in folution by 
the excefs of carbonic acid ; and, by ufing potafli and carbo- 
nic acid alternately, (the firfi to diflblve alumina, the fecond 
to dilToIve carbonate «f magnefia,) I effeAed a reparation of 
the earths. Thefe experiments fliew, that there is an affinity 
between alumina and magnefia, and a certain point of falu- 
ration, where the aAion of potafli upon alumina is wholly 
counteraAed by the affinity of that earth for magnefia. 


This fall is well known in chemiftry. 


When 
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Alumina at- Whenti folution ofpotaih'ls boiled upon amisturo of lime 
whtch*becomes alumina, the alumina is diflblvei, together with a onK^h 
difToivfdin pot- greater portion of lime than can be attributed to the '^(Tolving 
aft along with power of the water alone. But, if a folution of potaih be 
boiled upon lime, without alumina, no more lime is taken up 
than would have been diflblved by an equal quantity of water 
not containing potadi in folution ; confequently, alumina 
feems really to promote the folution of lime in potaih. The 
affinity of alumina for lime, I had mentioned in the paper to 
wliich I allude; and it has fince been ‘noticed by Mr. Vau* 
quehn 

Guyton’s con- If the conclufions of Mr. Guyton had been well founded, it 
elutions, if Clue, Im ye been chemically impoflible to arrive at truth in 

dered analyfis analyfis, There were already real difficulties enough to be 
overcome ; and Mr. Bertholiet has lately difeovered fome, 
which are not fo eafily anfwered as thofe I have juft confi- 
dered. The pofition of this chemift, however, has been too 
generally extended by him. If the power of malles were as 
hm^ted pofition' repiefents it to be, and if it increafed a4 tnfinitufn, 
refpcAing at- jn proportion to themafs, it muft follow, that, with any given 
fubftance, we could decompqfe any compound, pmvidW the , 
piafs of the decompounding body were fqfficieptly great ; but 
this is well known not to be the cafe. 

From the experiments which | haye related, it appears to 
be proved, 

1ft. That there exiftsan affinity between filicaand alumina, 
2dly. That there exifts a very powerful affinity between 
alumina and magnefia. 

3dly. That alumina iliews an affinity for lime; but that the 
faid affinity is not fo ftrong as Mr* Guyton had fuppofed, nor, 
if pure reagents be ufed, is it to be perceived under the cir* 
cumftances dated by him. j 

4thly. That' Mr. Gu)ton was miftaken in every inftanceof 
affinity between the earths, excepting in the cafe of filica with 
alumina, which had been obferved bq^bre his experiments ; 
and tliat, in the other cafes, he has attributed to a caufe which 
does not exift, phenomena that muft h^ve re fulled from tbo 
impurity of his reagents 

Scheele was, in the firft who perceived this affinit^r* See 
hjs EJaj OH SileXf CAay^ and Alumina* 


uncertain* 


Objection to 
Berthollet's un< 


traflloj] from 
the mafs. 


Recapitulation 
of the affinities 
of the earths, 
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51h}y . That neither tiie experimenU of Mr. Guyton, i)or tlie, 
opinion maintained in tht letter from Freyberg, are fuflicient 
to diroinWiii in any degree, the value of the affidance minera- 
logy derives from chemical invedigation. 


IV. 


A Memoir on tlie Mufical Sounds produced in Tubes Hidrogen 
Gas. Read to the Society of Philofiphy and Natural Jliftory 
at Genevui By G. Delajrive *. 

In a former meeting our learned colleague, Profeflbr Pidet, Profcffor PIc- 
communicated to the Society a feries of experiments on the mu* mttficaUub*cs 
ftcal founds produced in tubes by hidrogen g(^, in which he de- by hidrogen. 
velopcd the various mudcal phenomena which thefe tubes pro- 
duce. He explained the elTod which the length or width of 
the tube, and the fituation where the hidrogen is burned, have 
on the founds produced. As to Ih^ caufe of the found, he 
gave only a few conjedures ; his inquiries not being direded 
to that'obji!^ The purpofe of the prefent memoir is to difco- 
ver this caufe. 

Profcdor Brugnatelli is, I think, the fird who publidied the Publication by 
experiment I have endeavoured to explain f ; It was invented 
by a German. I lhall here relate the principal circumdances. 

If a current of inflamed hidrogen gas be inclofed in a lube Defeription of 
of an eladic and fonorous material, fuch as glals, metal, dry b^j^ning hidr^. 
wood, &c. the tube after an interval of fome feconds, will gen in a tube, to 
produce a mufical found. If it isopen at both ends, the found 
will be drong and full. It is poffible however to fucceed with 
a tube hermetically clofed at one end, provided its diameter be 
large enough to allow of a circulation of atmofpheric air fuffi' 
cient to keep the gas in a date of coinbudioif. Tlie condi- The tube muft 
tions elTential to the fuccefs of the experiment are, firft, That 
* the tube be eladic and capable of forming an echo, that is to 
fay, capable of refleding the undulations which proceed from the 
fonorous point; for noibund willbe produced with a tube of pade- 
board or paper : snid, fecondly, The dame mud be produced by and the flame 

from hidrogen. 

f Journal de Phyfique, LV. 165. 

f Pr. fliggins difeovered it. ^eePhil. Journal, newferies, I. 

a current 
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B current of hidrogen ; for an inflamed ftream of the vapours 
of alcohol or ether, a lighted taper, &c. are incapeji^Ie'of pro- 
dacing any found. 

CiKumftancci. Let os now examine the circumflances of the expeatm^t 
The place of There rauft be a point which may be called thejbnarous point ; 
th^fonorTur which the vibrations, communicating an undulatory motion 
point. to the air, are produced. This point is the place of combuAion; 

for if this be made to alter its iituation, the founds will vary, as 
M. PiAet has proved in a feries of experiments. He has like- 
wife obforved, by means of fmoke with which he filled the 
tube, a continual fucceilion of vibrations at this point ; thefe 
vibrations produce the waves, which proceeding with a deter- 
minate velocity, flrike againfl the tides of the tube, and are re- 
fleAed with a velocity equal to that with which they arrived, 
irndatationt at When the diflance of the fides of the tube is fuch that the al- 
accorS* with^thc reficAions are equal to the vibrations natural to the fo. 

refonaut echo of norous cattfe, the found inereafcfi in intenflty, and becomes mu- 
the tube. fically appreciable. It appears Kkcwife that the waves thus 
refleAed do re-aA on the primitive vibrations produced at the 
place of combuAion, fo as to render them harmonioufly regu- 
The found does jar, for a certain (pace of time is almoft alwBys*nece(iary be- 
not 1 ue dt r t. inftrument acquires a regular and full found 5 and. the 

Its tone. tone or pitch of the tube will be more or left acute according 
to the greater or lefs number of undulations which take place in 
a given time. 

The temperature There is another faft eflcntW to be obferved in (his cxperi- 
tube uljoltcft'dt^^^^^’ temperature of the column of air is not the fame 
the burn'na through all its length. At the fonorous point, that is to fay the 
more’r"mote°^”^ combuAion, the temperature is very high ; fo much fo 

that the end of the adjutage of the glafs through which the hi- 
iklcohol or ether drogen pall'es, is conftantly in a (late of ignition. If an in- 
grcc of beat!* ftream of the vapours of alcohol or ether be fubftituted 

inftead of the hidrogen, the heat is evidently left. From fome 
experiments it alfo feems probable that the temperatOre of 
room, and the purity o^its air, may affeA the fuccefs of the 
experiment. ' « 

Conjecture that My experiments have been direAed to afccfrtain the caufe c( 
*rodu'ced*by the plionomena, how and by What means thefe fonorous ri- 
rapid produaionhrations are produced. We know that water is formqd^du- 
and coiiapfion ofrij^g (^he combuftion of hidrogen ; this water appeal^ in .the 
acjucous vapour. vapouf. The temperature of the place of combuftion 

being 
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Mn^Yery devatod, tiiefe vaf>ourt maft oeeupy an exteofivev 
I'peca ) but by immediately ccmiiq;* into conta^ with a cbid^ 
air> tbeiryolume muft rapidly diminiih. A vacuam mail liras 
he fiarmed into which the atr muft coilapfii» ^xyA be again driven 
by other vapours, which again contra^ in^tbeir turn. Do not 
the vibrations refult from thefe alternate motions, produced by 
the great expanfion and fubfiequent contradion of the va-* 
pours * } Such were the conjectures that might be formed as 
to the probable caufe of the phenomenon ; but accident has 
prefented me a fiiuCt which appears to give them fome weight. 

I.had a thermometer tube of about one line in diameter, atSouna Reduced 
the extremity of which was a fmali bulb : there was a drop off/ 
water which I wiflied to expel from it; for this purpofe I renter bulb and 
peatedly expofed the bulb to the flame, of a lamp with alcohol,' 
and was agreeably furprifed to hear a mufteal found proeoed 
from the tube. 

In order that this experimeat may focceed, a tube of one, Inftruaions for 
twOi or three lines in diameter, (hould be taken, of thrds, fbor, the**- 
or five inches in length, with a bulb at one of the extremities, 
in diameter about three times that of the tube ; it need not be 
very regulafT If it were even a little flattened, I think the 
fouud would be louder. A very fmali quantity of water or 
mercury muft then be introduced, and expofe it to a ftrong 

* It appears probable to me, that the found produced by air pre- The found of air 
cipitating itfelf into a vacuuiUy is more inunfe than that refulting into a 
from an cxpanfive force. The horrible noifc occafioncd by the dc- ^orc™intcnfe 
tonation of foap bubbles of hidrogen and oxigen is well known, than that from 
though the lighted objeCts furrounding the bafon are not even cxplofion. 
fhaken. Whence it may be concluded, that the phenomenon is pro- 
duced by the fiidden vitubm proceedin'g from the deftruCtion of the 
gifts. The detonation .of a piftol with inffammable gas is much 
gmtttr than that of an air-gun, though the effefl is lefs coniider- 
Mki probably becauft a vaemun in the piffol fucceeds the firft ax- 
paafivs force* The child'a toy> ealled the humming is well The humming 
^npwn* is ahollow fphsre» with an opening at its circumferences top. 
it produces a very ftrong humming noift when fpinned capidly Quits 
apis. What ipay be the.cauft qf this hnmpung^ I think 4 » the 
fame as that which ,X have juft mentioncdi the centrifugal force 
drives the air from the fphere through the opening; a kind of va- 
cuum hmade, into which the externa! air continually prefTes, and 
is conftanOy driven bedtj whence proceed i ftries of fonorous of* 
€tllhliohe,«»D; 


heat 
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heat ; that of a lamp with alcohol is commonly fofficient r but 
the flame mu ft be large and ftron^when the tube is large, 
After the tube has been thus expofed for a few the 

found is beard. Thofe tubes whofe diameters are coniiderabie 
give a deep founds and the fize of the bulblikewife feemsalib 
to contribute to the fame efied : the found continues for fevered 
i'econds, and then gradually decays, and at length entirely 
ceafes. By fuffering the apparatus to cool, and caufing the 
condenfed liquid to defeend into the bulb, the experiment may 
be repeated as often as (hall be thought neceflary. 

Such is the experiment by means of which 1 think the phe* 
nomcnon of the mufical tubes may be fatisfa6lorily explained. 
Let us ftrft examine what pafles in the tubes with bulbs, with 
the efl'ential conditions under which they produce their found, 
and then endeavour to difeover the caufe. I will then com- 
pare it with the found produced in tubes with hidrogen, and 
enquire in what refpeds the eiEe^s produced by thefe two in- 
ftrumerKs refeinble one another, with the differences they pre- 
fent, and the caufe of thofe differences. 

Thp conditions effential to the produ6iion of found in tube^ 
with bulbs are, Ifi, That tlie tube fhould ha^a bulb. I 


Conditions for 
the tube and 

There mud be a never could excite fonorous vibrations in a tube limply clqfed 

bulb y 

containing wa- 
ter; 


or rather mer- 
cury j 

but not ether, 


at one end, 2(1, This bulb muft contain an evapourable liquid. 
Water fucceeds very well, but it has this difadvantage ; it 
forms, in paifing from the vapouroiis to the liquid ftate, a drop 
of water in the tube, which oQen completely obftrufts it ; and 
at other times, by running along the warm part of the glafs, it 
frequently breaks it. Mercoiy has not this inconvenience : I 
never could fucceed in producing founds with ether, alcohol, 
aVohoT, orfulph. or concentrated fulphuric acid. The founds are influenced by 
the quantity of liquid contained in the^bulb. It Ihould be as 
be^vefy fmTu in ^»nall as poffible. If there be too much, the vapour fills the 
quantity. tube, and by completely expelling the air, renders it equally 
warm throughout, and no found can then be produced, fid. 
The heat muft The third condition elTential to the fuccefs of this experiment,' 
be ftrong, to the jg the application of a ftrong heat to the bulb while the reft of 
“ * the tube continues cold ; for if there be not a marked differ- 

ence in the temperatures of the tube and of the bulb, no fono- 
rous efifedl will take place. The ptefence of atmofpheric 
air in the tube is indifpenfable; if it be entirely exekded, no 
effcfl will be produced ; and in every ftage of the experiment 

it 


and the tube 
kept cold. 

There muft be 
/bme air in the 
tube. 
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it will be found that the vapour occupies only a certain part 
of the infirument; and tba^ atr is always ppefent. 1 have fre* Proof of this* 
quently e^ea\^ured to determine the eiicadl fpace occupied 
by the vapour at die moment the found was heard, and^ I 
found, at lead: in the imall tubes, that it was nearly equal to 
the volume of the bulb. In order to determine this, I clofed 
the orifice of the tube with my finger at the moment it began 
to found ; I then plunged the end of the tube in mercury, 
withdrew ray finger, and fufferedthe apparatus to cool. The 
vapour thus became condenfed, and the fpace it occupied was 
efiimated by the quantity of mercury which the prefTure of the 
atmofpherecaufed to rife in the tube. 

Such are the four conditions eflential to the produdion of Recapitulation* 
founds ; namely, a bulb at the extremity of the tube ; the pre* 
fence of a very fmall quantity of water or mercury in this buib ; 
the application of a ftrong heat to it, whilft the remainder of 
the tube remains cold ; and, lafUy, the fimultaneous prefence 
of atmofpheric air and vapour in the apparatus ; it is foarcely 
neceifary to add, that the orifice of the tube (hould be always 
open* Let us now confider what may be the caufe of the 
found. I firfi!^ndeavoufed to determine whether any chemi- The found Is not 
cal decompofition of the liquid employed took place* For this ^icii 
purpofe I ufed a tube fufficieiitly dong to permit all the liquid * 

to condenfe in it ; I weighed it carefully before I fubjeded it 
to experiment, and found that its weight was neither aug- 
mented nor diminithed after repfated produdions of found : 

Whence I conclude, that the caloric has no chemical effed on 

the liquid, but that it only experiences fucceffivo evaporations 

and conden rations. Mufl: we then attribute the found to the nor by evapora* 

evaporation and condenfation of the liquid ? 1 thought fo at conden- 

firil, but the following conjiderations made me alter my opt-* 

nion : I firfl obferved that it was pofiible to have a fucceffivo' for thefe laft 

evaporation and condenfation of the, liquid, without producing ^uhouf found * 

found : this was effeded by applying heat not fufiiciently in- * 

finfe to produce found. Secondly, When the experiment was 

made with a drop of water, I always found that the moment 

when the apparatus began to found, was that at which the 

whole fluid had evaporated, and eonfequently that llie oafoyic 

ads on j the vapour alone. While- the imalleft atom pf liquid 

water xemained in , the bulb, no found was produced. From 

this fad i have deduced, that the found is pro&ced by the 

adion 
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aflion of caloric on the vapour and its re^afktoii on almo- 
but CO « trcmu- fpiienc air. I conceive ^t this piienomenon take^ place 1 h 
I ndVomraAiM ^ following manner : The vapour contained in tkjj^ Ibuib# bjp 
of the vapour ; means qf an addition of caloric applied on all itdes and in great 
ftHkei th^air acquires an augmentation of volume and elafiicityi 

and producer It rapidly pul^ ftom the bulb into the tube, and drives out the 
tound. contained in it ; but this air and the rides of the tube caufe 

it again to lofc a portion of its caloric, and its volume imma^ 
diately diminilhes. A vacuum is thus made, and tlie air re« 
fumes its primitive rituation. Another addition of caloric re-* 
riores its elariicity, which it fpeedily lofes in the fame manner. 
A feries of ofciilations by this pT0C9& give the air an undulat* 
ing motion ; and the waves being refined by the rides of the 
tube, become fonorous and appreciable as ibon as their pro- 
grefs and recefs are ifochronous wtdi the ofciilations produced 
feenis as if the by the caufe here pointed ouU There are fome tubes which 
the v" pour ought pToduce any found : Inrihis cafe I prefume that the ad- 

to be ifochronous vance'and recefs of the waves cannot harmonize with the pri« 
or aftlon of the ofcillarions, but that the one deriroys the other. After a 

tube governed by certain time the found diminifoes aitd dies away ; This is ea« 
plafocd by the propagation of the heat along fife rides of the 
Tbefe founds tube when the bulb is very warm and tbe tube cold. The 
thftu^^h^ be ^^P®**** driven from the bulb, fuddeafy lofes a part of 

come too hot volume, and the ofciilations thus produced are rirong and 
occafi >n the fud- frequent ; but when tbe tube has acquired a certain degree of 
©rthc vapouN*' vapour then gr/uhM/fydimtnifoes in vdume as it paries 

from a very high temperature to a rituation certainly teri warm, 
though of a fufricient degree of lieat to caufe the ofciilations to 
ExperimentB in become weaker, and at length entirely to ceafo. That this is 
coQknnation. caufe of the ceriktion of the found, may be (hewn by apply- 

Htg a rirong heat to the part of the tube already warmed, and 
at the fame time keeping op the firri <fogree of heat at the bulb. 
By this means the limit of temperature is again pracifely deter<» 
mined, and the (bund reproduced in idl its force. Itmay earily 
be conceived' that the fubriaitce of the tube ought to he a nod- 
conductor of heat, andonthisaccofiiitglafs is preferable to any 
other fubftance. 


Concerning the Let usnow compUfe the tubes which found by means of ht- 
^unds p»oduced |j|^ ^jljj former we have every 

Repetition c.f eondutoa imeffiiry to the produaion or found; a very hot 
fetiytowi*'* •** verjrriaftioj fcr as w» aMmrad, 
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peifod 0f oMobuftion is at fo high a t«iipcnitiii«» dttt itEipanfiopi and 
always i|mitas the tip ef ttts glaTs tube r this hot daftic vapouf* va^ur 

at them^entofitsprodtt6lH)R, comes iaceatact with thecoU lUar the pomt of 
> air, which enters Aroagh the bottom of the tube and goes 
atihe top. Its volame mufi be dtnamfiiedibe infiant it ftnkfss 
this air ; other heated vapours foceeed the former, and are aUb 
contraded : this alternate expakifioa and coatrafliDn produces 
the undulatory motion of the air, astd caoies the fonorous 
waves. 

We have found that an infiamed flream of alcohol or ether Alcohol and 
produced no found in a tube. This is a proof of my 
tion, that in order to produce found, there muft be a great dif-|»roduce daftic 
ference in the temperature of the vapour and the ambient akr. r^dly 
There is certainly, in this cafe, a formation of vapours and fao^nor totdly coa* 
ceffive condenfations, for the water runs along the fidesof 
tube ; but the point of combuftion is inlinilely lefs hot than that 
ot hidrogen, confequently the vapour produced is much left 
heated and elailic. This cafe is fimtiar to that formerly inei> 
tioned, where it was 4iewn that vaporization and fucceffive 
condenfation of the liquid might be effefted without fonoroos 
undulation, rht!rely by expofiag the tmlb to a certain degree of 
heat not intenfe enough for this inA purpofe. We cannot be Why there 
furprifed that there is lefs beat produced by the combuflion of^^^’ 
aloohol or ether than by that of hidrogen, if we confider, that 
in the latter cafe all the caloric contained m the gas and the nt- 
•mofpheric oxigen which is confuined, becomes fenfible heat, 
and is paffed totally into the vapour produced. On the con^ 
trary, in the combuftion of an inflammable fubftance, fuch as 
alcohol, the caloric of the oxigen confumed alone becomes 


fenftble, and this alfo is moftty abforbed by the production of 
carbonic acid gas ; fo that the excefs alone pafies into the 
pour. It is not therefore furprifing that Ihe beat is not foffo 
cient to give the vapour eiafticity faflkient to produce founefo 
The prei^e of carbonic acid gas, which is one of the refohs 
the combuftion, may alfo prevent the fonorous vibrations^ ' 

The found is much ftronger in the tubes with hidrogen, than The found by 
in thofe with bulbs. It is likewife more permanent ; for the 
tube being open at both ends, e current of cold air confiantly mane^nt, be^ufe 
einers at. the bottom and iflUes out at tbe top : this current of ?*”rf*“* 
air takes np and carries off the hot elaftic vapours, receives air pr^ucw 
their impulfo, and by attr»&ing a portion of their caloric, di« condeniations 
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miniihes thetr volume. Tins then is the rhoft eliential condition 
to the produdion of an intenfe permanent fotind ; ^ame!y> a 
great difference between the temperature of the^ir and the 
vapour ; and this diffbret^ remaitis always the fame, on ac- * 
Not Co in the Count of the continual renewing of the air. The fame effeA 

^^•**®* does not take place in the tubes with bulbs, and accordingly 

their found is weaker and iefs durable. 

The founds by From the knowledge of this condition, that a great diffbr- 
hidrogen are between the temperature of the air and the vapour is ne- 

intenfe jn a , t • mi f r 

warm loomfilledceffiiry to the production of found, it will be eafy to compre- 
with company $ hend that every cireumffance which augments the heat of the 
current of air, and diminiflies that produced by the combuffion 
' of the gas, will tend to weaken and even to annihilate the 
becaufe the air is found of the tube. Thefe two circumffances are both found 
warmer, and the-j^ ^ warm room filled With company# The current of air in- 

combultion n i i • i i • i i i i • r • i • 

weaker for want uead ot being cold is heated, and the quantity ot oxigen being 
of ojcigcn. (lie heat of the combuffion islcfs. It is not then furprifing 

that iitf'uch rooms the experiment does not always fucceed. 
Sounds by phof« Brugnatelli produced founds by the fimplc combuffion of 
phorus. phofphorus in tubes. Some philofophers being perfuaded that 
fonorous effects could only be attributed to iJttrogen, were 
difpofed to infer its prefence in phofphorus. From what we 
have ffated, it feems more fimple to explain the phenomenon 
by the produ6lion of phofphoric acid in the vaporous form, 
which becomes ftrongly elaftic by means of the caloric difen- 
gaged during the combuffioi;[, but of which the volume dimi- 
niflies by the contad of cold air. We have here the alternate 
- expanfion and contra^ion neceffary to the produdion of 
found. 

Conclufiun. Such are the fmall number of obfervations which 1 have had 
an opportunity to make on the fonorous tubes. 1 hope^hat 
they will intereff fuch as are more particularly engaged in this 
branch of natural philofophy, and tend to diredt their attention 
to a curious faft which has not hitherto been fufficiently exa- 
mined. 

ANNOTATION.— W. N. 

That aqueous fundamental effeft in this very ingenious expla-» 

vapour is con- nation (namely, that aqueous vapour is condeoifed ivHk 
rapidity 5 rapidity), may not appear to fomc readers to be 

fo 
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fo fpeeclr as to produce fonorous undulation, 1 think it will 

not be impertinent to mdition a few fa6is relating to that 

fubje^. the fmall glafs inftrument called the water- fliewn by the 

hammer, which is a tube of about three quarters of an inch 

diameter, with a ball of about an inch and half at one epd, the 

other end being hermetically clofed ; the ball contains water, 

and the empty fpace is rendered nearly vacuous by boiling 

the fluid previous to fealing it. In this inftrument the heat of 

the hand, applied to the wetted tube, is fulHcicnt to produce 

bubbles of vapour which enter the ball, but fpeedily Collapfe. 

l^he feries of thefe condenfations is as quick as fifteen or fix- 

teen in a fecond. But in the fleam engine the condenfation is and by thefteani 

prodigioufly more rapid. I have a fmall double fleam engine 

on the conflrudion of Boulton and Watt, having all the parts 

and gear of the large engines, but its cylinder is only 2^ inches 

diameter, and the length of flroke 6| inches. When this was A fmall Ream 

fet to work the other day, in a Je6lure to my pupils, it gave working 

600* flrokes per minute. By an eafy calculation it Will bejhe baUnceof a** 

fliewn, that the fleam condenfed was then much more than 300 watch; and con- 

cubic inches per fecondj and if the condenfation, 

being effeded an mafles of about a pint at a time, could bavecond. 

been performed by fucceflivc collapfions of each cubic inch in 

an open fpace, the pulfes would have produced the tone of This condenfa- 

the lowefl E flat in the treble cliflf. But the number of cubic 

inches condenfed in a large fleam engine, for example, a three 

feet cylinder with an eight feet ilroke, will be eight or nine very loud £ flat. 

times as much, at the ufual rate of working. 


* About twice as many as the beats of common watch. 


y. Account 
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V. 

Account a Method qf ^mating the Chmg^qf Volume 
produced in G({fes, % Alterations qf Te»iperaiw*ef and of 
Atmajphetic Preffure, in the courjt qf Chemical Experiments, 
Bp Mr. H. Davy. Prt^effor qf Chem^tp at the Royal 
Jnftitution. From their Journal, 

Xiaftic fluids af- I t often happens that changes of atxnofpherical preflare, 
fw^nlumlc- and of temperature, take place in the coiufe of ejq)criment« 
fatitif. on elailic fluids ; and a knowledge of the alterations thejr pro* 
duce in their volume, is plfential to the precifion and accuracy 
of the refuits. 

Quantities of In cafes when chemical changes are produced, it is impof* 

knowledge by dired obfervation ; and, in 
Amdird. confldering quanties, it is ^ways ufeful to eflimate the vo* 
lumesoof gafes at foroe ilandard, fixed upon in meafures of 
the barometer^ and thermometer. 

lawforpreiTure. It is demonflrated by very accurate experiments, that the 
Volume, in- volumes of elaflic fluids are tnverfely as theuyeights com* 

fufv. preiling them. And, contequently, the changes produced 

upon gafes, by known changes in the atmofpherical preflure, 
may be afeertained in a very eafy manner. With regard to 
the eflefls of temperature, however, it is much more difficult 
to form a juft eftimalion by means of general laws. For 
tl^ugh the excellent expertmehts of Mr. Dalton f, and thofe 

of 

* Lavoifier's Elements, p. 40fl, 2nd Edit, 
f Manchefter Memoirs, Vol. V. p. 599. Mr^ Dalton fays, ** I 
have repeatedly found that 1000 ports of common air, of the tern* 
perature of 55^ and common prefiure, expand to 1321 parts in the 
manometer f to which addiag 4 parts for the corre^nding exp|i^ 
fion of glafs, we have 325 parts inereafe upon 1000 from 55^ to 
212^; or for 157^ of the thermometric fcale. ^ for the expaa ^ 
fion in the intermediate degrees, which Col. Rol's experiments (how 
to be a fowfy dimtmjbing one above the temperature of 57^, but 
which dd Monreau's, on the contrar)’, (how to be a rapid^ ta- 
treajmg one in the higher part of the fcale $ 1 am obliged to allow 
that Col. Roi is right, though it makes, in Tome degree, agaiaft an 
•hypothefis I have formed relative to the fubjefl} he hOs certainlyt 
however, made the diminution too great from 72^ downwards, 

owing 
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of Mri Gay Luffac^ (how that ail the different elafiic fluids, 
taken sk equal temperatufes, expand equally by heat, yet we 
are ftillV^norant of the precife expanfion for increments of 
fingle degrees, or of the mode in whiclr the power of expan- 
£on is affected by difference of preffure ; or by its relations to 
aqoeous vapour or uncombmed moiflure. 

The calculations on this fu1>je6t are confequently laborious Calculation may 

and complicated ; but it is very eafy to avoid them, by re- 

. . ti -i comparaove oD« 

curring to comparative obfcrvations, which may be obtained fervadons, 

in a very £mple manner, by means of the manometer. ^ 

By making a given quantity of air, in conta^ with water with a ftandtrd 
at a known temperature 4 jmd preffure, a ftandard> it is 
in afeertaining the changes produced in it by alteralidi in the 
temperature and preffure, to determine, by the rule of pro- 
portion, the changes that have been produced from the fame 
caufes in any other quantity of gas, fubmitted to chemical 
operation ; or to afeertain wh|t would be its volume at the 
mean height of the barometer and tliermometer« • 

owing to his not perceiving that he actually deftroyed a portion of 
the elaftic fluid he was operating upon (aqueous vapour) in re- 
ducing its temperature fo low ; if his air had been previoufly dried 
by fulphuric acid, &c. he would not have found fo remarkable di- 
minution below 72^. My experiments give for 77^J above 
167 parts; for the next 77^| only 158 parts t and the expanfion in 
every part of the fcale feems to be a gradually diminifhing one in 
afeending, ^ 

The refults of feveral experiments made upon hydrogenous 
gas, oxygenous gas, carbonic acid gas, and nitrous gas, which 
were all the kinds 1 tried, agreed with thofe on common air, not 
only in the total expanfion, but in the gradual diminution of it in 
afeending I the fmill differences obferved never exceeded 6 or S 
parts on tiie whole 325 s and differences to this amount will take 
place in common air, when not freed from aqueous vajpour, which 
was the iituation of all my fa£ritious gaies. 

** Upon the whole therefore I fee no fufRcient reafon why we 
^ay not conclude, that all elt^ic fluids under the fame prejitre exj 
pand equalfy hy beat^-^rid that for any given expanfion of mercury t 
the eorrejponding expanfion of air is proportionally fometking lefi, tb$ 
higher the temperature'' 

Mr. Gay Luffac medtes the dilatation to be from 100 to 137.5 
between 32^ and 212^, which gives for each degree between thefe 
points See p. 1 34 ; and Annales de Chimic, No. 128, p. 137. 

VoL. IV.--*] \NUARV, 1803. D In 
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confined In a In forming the manometer for the purpofe of cofnF’>arifon, 
recurved tu^ by a glafs tube may be ufed about fisdlecti inches long, yand one 
bttidV*' * *** diameter, clofed at one end, iyM curved 

' in fiich a manner that its open leg is parallel to its clofed end, 

and nearly three Inches loiig. Its capacity is determined, 
and its clofed leg is graduated fo as to'' form a fcale of 200 
parts. The fhtidard volume of air is confined in it by #co- 
lumn of water, four inches long ; and the height of this water 
is kept equal in both legs at the different times of obfervation, 
by means of a glafs tube, moveable in a perforated cork in- 
ferted in the open end, and capable of elevating the column 
of water .in it at lead an inch and a half. 

In employing the flandard of comparifon, for corre6lIng the 
refults of operations in which portions of elaftic fluids are 
either abforbed or generated, it is only neceflary to recur to 
the date of it at the beginning and end of the experiment. 
Thus, let n equal the quantit}^ of eladic fluid exiding after the 
experiment ; m the volume of the dandard air before the cx« 
periment ; and v the volume after, as exprefled in the fcale of 
200 parts. 

ntn ^ 

Then ~ as r, which is the volume the reudual gas ex* 

amined would occupy at a temperature and preflure fuch as 
exided at the (Commencement of the experiment. 

By the fame method may be edimated the volume a quan* 
tity would occupy at fuch temperatures and predUres, as had 
been at any time denoted upbn the fcale. 

It Is mod pro- From the latcd experiments that have been made it 
bable that the probable that at the fame temperatures, and under the fame 
Siftuthed byriic P^^llnres, equal volumes of the different eladic fluids, in con^ 
i^ueous vapour* ta6t with water, contain the fame quantity of acjueous va* 
pour j fo that in cafes' when the gafes examined in the compa- 
rative obfervations are ecjually faturated with water,, the re- 
fults mud be perfedly accurate as to the relation of volume to 
the date of moidure ; and, even fuppoling a difference in th^ 
degree of faturation, the error aridng from this circumdance, 
^t common temperatures, would be fo fmall as to be inappre- 
ciable. 


^ Thofe of SauiTure and Da Luc, and MM. Deformes and Cle* 
ment. a 


VI. OhfinmtionM 



o\ THE STAIIJDARP OJP AKP 


VI. 

Obfercaiibns on Sir George Shuckburgh Evelyn^n Paper * in the 
^ Philcfophical TranfaBims for 1798, on the Standard qf Weig!tt 
and Mtcftre. By J. Flitches, £fq. Communicated by 
tba Author* 

L I*1aVING about two years ago had occafion, in the courfe Occtfioa of cMe 
of fomc inveftigations in which I was then engaged, to afceN 
tain with as much precilion as waspofiible the relation between 
the 4cnown meafures of diftilled water and their refpeAive 
weights at different temperatures ; Sir George Shuckburgh 
Evelyn*s Paper on this fubjedl was of courfe confidered as the 
beft authority with regard to what had been previoully done in 
this refpcA. I found however, on looking into it, fome er* Numerical er« 
rors in the calculations, which render the dedufiions ®**’®*^* 

them incorreft, at the fame tinffe that they more ftrongly con- 
firm and eflablifh the accuracy of the experiments on which 
tliey are founded. I have no doubt, therefore, that the gen* 
tleman to whom we arc fo highly indebted for the communi* 
cation of the &ds which he flates in this important eflay, wiU 
feel rather obliged than otherwife by their correction. The Apparent differ# 
circumftance which lirft induced me to repeat the calculations,***®® *“ wWh* 
was the difference which there appears to be in the refults of 
the experiments with the cube and fphere, and that with the 
cylinder, and which Sir George aferibes, in § 24 and 51 of 
bis Paper, to either a difference in the deniity of the water at 
different depths, or to the compreffibility of the cylinder em- 
ployed. I was however as much pleafed as furprized to find, Miftake In the 
that it altogether arifes from a miftake in the multiplication of 
the four numbers whofe produA is equal to its folid content, 
viz. 3.99745 x 3.99785 X 5.99502 X .78539816, which he 
makes 74.94823 cubic inches, inftead of 75.2471*49, which is 
the real product. This naturally fuggefted the propriety of 
examining the whole, and the refults of this examination are 
what I (hall now lay before the public through the medium of 
the Philofophical Journal. The power of corredtly appreci. 
ating and comparing fpace and quantity ^re ib eifcntial to 

^ C#pied in the Qjiarto Scries of this Journal IIL 197. 

D 2 every 



$6 


dN ’tnt StAtlDARD CiF WEIGHT AHD MEAsURt* 

every praflical application of the mathematics to the pfirpofeJ 
of real utility, that 1 have iHi hcfitution in undetlalipng the 
hjumble office of commentator on fo valuable a text.* 

Kartl cubic di- 1 1. It is ftated in § 1 3* that the produ6l of the three mean ihei** 

ct^S.^Evelyn’s cube, x>/s. 4.98882 x 4.98935 X 4.98923, 

Iblids* is 124,18917: this however is erroneous, it being in fa6l 

12 1. 192246. The folid content of the cylinder was 73.247^49, 
as already ftated in the preceding paragraph, and that of the 

fphere (§ 28) = 6.00743^ X .32359878 = 113.519147 cubic 
inches, 

Correftionfor^ HI. Suppofing the brafs fcale and thefc bodies to be at tli« 
Se'brS's,^* ° degree of heat, their apparent dimenfions as meafured by 

it would be the fame whatever was tlie temperature of both ; 
the fcale being of the fame fubftance, and confeqiiently ex- 
panding and c‘ontra6ling with tlie bodies themfelves. Their 
real dimenfions however varying with the temperature, we 
muft affiime fomc certain degr|»e of heat at which the gradua- 
tions on the fcale are to be confider'^d as meafuring correfpon- 
^ent intervals of fpace* We will fuppofe this to be 60® of 
Fahrenheit's thermometer. Now in order to afeertain the real 
cubic meafure by the fcale when at 60*^, of the quantities of 
diftilled water difplaced by thofe bodies when they were 
weighed in it, we muft add to or fubtra^l from the nominal 
cubic dimenfions of each, 3 millionth parts (vide Tab. I. in the 
note on § 23), multiplied by the number of degrees above or 
below 60^, at which they and the fluid were at each of thofe 
tiroes. 

At the time of (heir being refpeftively weighed in water, 
therefore, the folid content of the cube at 60.2*^ (§ 22) was 
124.192246 x 1.00000062 = 124.192323 cubic inches of the 
fcale when at 60^ ; that of the cylinder at 60.5® (fecond ex-, 
periment, § 23) 73.247149 x 1.0000015 75.247 1 61 j and 

that of the fphere at 66® (§29) 113.519147 x 1.000019=3 
113.52130K 

Corrcaion ne- IV. In appreciating the apparent difference of weight in a^ 
fityrndwm^rl^ weighed in air or in vacuo, it has been ufual te 

tire of the air# aflume, that air at a given temperature, and under a given 

♦ Thefc rcfercnccfi with a § prefixed, are to the feaions fo imm. 
bered in Sir G. S. Evelyn's Paper, which it is thought proper ^ 
mention here to fave the neceffity of repetition. ^ 
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preflura is always of the pme fpecific gravity. This we know 
is not th^cafe ; confiderable variations in this refped being 
occafioned by its different ftates of drynefs, ele£lricity« and 
perhaps other caiifes : as^ however^ experiments are wanting 
for the corredl eftimation of thefe differences, we will take the 
firftjtippofition to be true, and apply the correftions accord- 
ingly from Sir G. S. Evelyn's tables for this purpofe, in his 
note fubjoined to § 23. 

This gentleman tells us in the PhiIofophicalTranfa£iions for Air expwds 
1777, that the fpecific gravity of air at 51®, under a preffute 
equal to 2D.27 inches of mercury, is to that of water as 1 to 
836, or = .001208 ; taking the latter as unity. Affuming 
therefore that the expanfion of air, for each degree of Fahrea* 
belt’s thermometer between 5 If and 60^, is .0027 of the 
whole, we get the fpecific gravity of air at 60 under the like 
preffura = .001179, and 29.27 : .001179 : : 29.5 : .001188 Sp.^gr. ofair at 
= the fpecific gravity of air at ^0® when the barometei; (lands ^ 
at 29| 5 and a cubic inch1)f fuch air confequently weighs of *3 gy* for each 

a grain very nearly. 

Now the cube was weighed in air at 62® under a preffure of Denfitics of the 
29 inches (§ 20) ; the cylinder in air at 62® under a preffure boViw'^ere 
of 29 inches (§ 21 ) ,* and the fphere in air at 67® under a pref- weighed, 
fare of 29.74 inches (§29). 

And the excefles of the weights of the refpeftive quantities 
of diftilled water difplaced by thefe bodies, on their being af- 
terwards weighed in this fluid, ofer thofe of fimilar quantities 
of air at the feveral temperatures and denfities above-mea- * 

tioned, were as follow ; viz. 

That of the water difplaced by the cube (§ 22), 32084.82- The apparent 

f ^ weights of equal 

703.03 S5 31381.79 grains j bullcs of water* 

That of the water difplaced by the cylinder (fecond expert 
went § 23), 21560.05 - 2553.22 = 19006.83 grains; 

And that of the water difplaced by the fphere (§ 30), 

.28673.51 grains. 

The air in which each of the bodjes was weighed being, Concaion for 
however, lighter than air at 60® when the barometer Hands at JJturc ap- 
29 J, we muft corre6l thefe exceffes of weight in the feveral pUed. 
quantities of water, fo as to find how much the weight of 
each of them exceeds that of an equal quantity of air of fuch 
ftandard fpecific gravity ; or in other words, how much the 
weight of each of the bodies in water differs from that which 

• U 
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it would have been found to pa{ref%in air in this la^r fiate. 
Thcfc corre£tions for the denfity and temperature the air 
we (hall And, from the data before given in this articie^ tO be 
es follows : 


Of the weight of the water difplaced by 
the cube ... 
Of the weight of the water difplaced by 
the cylinder . - - 

Of the weight of the water difplaced by 
the fphere - - . 


Correftion for 1 





PrelTure, 

Temper- 


ature. 

Gr. 

Gr, 

- .642 

- .201 

- .389 

- .122 

+ .282 

- .644 


Common of fp, 
gr. of water 
when rcduceii to 
6o\ 


The weights of thefe bulkaof water, therefore, if weighed 
r; of water ^ jjj ^qo under a prefliire of 29-jV'vo'iW he found to be. 

That difplaced by the cube 31381,79 — .642 — .201 =s 
31380.95 grains; 

That difplaced by the cylinder 19006.83 — .389 — .122 s; 
1900().32 grains; 

And that difplaced by the fphere 28673.51 + .282 — .644 
53 28673.15 grains. 

V. We have now, however, to correft thefe weights- for 
the change which would t%ke place in the fpecific gravity of 
the wal^ itfelf, by reducing it to 60^ of temperature ; that 
in which the cube wa.s weighed having been at 60.2^ (§ 22} ; 
that in which the cylinder was weighed at 60.5^ (§ 23) ; and 
that in which the fphere was weighed at 66^ (§ 30). 

We will firftly do this by the help of Sir G. S. Evelyn^s 
Tab. I. in his note on $ 23, according to which, a quantity of 
water of eil^ual bulk with the cube would, at 60^ of Fabren* 
heit's thermometer, weigh 32380.95 x 1.000033=31381.986 
grains; one of equal bulk with the cylinder, 19006.32 x 
1.000083 = 19007.897 grains; and one of equal bulk with 
the fphere, 28673,15 x 1.00099 = 28701.536 grains; if 
weighed in air at the fame temperature, when the barometer 
fianHs at 29 inches un4 a b^f, 


FiHUyt hy iir 
C. S. Evelytt*s 
tible# 
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The fi^ gives the weight of 
a cu\c inch of diflilled 

'S. 

V 


water under thefe circurn* 

. S 

CA ^ 


fiances =: — **52 689 


^252.523 

The 2d = =252.606 

' *• .2P 1 

252.410 

And the 3d = 252.829 

M 

e 

•g 

252.6C3 

1 

4 

1 

k J 
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VI. It may perhaps however be proper to obferve here^ By Uu GilpIaV 
that the alteration in the fpecific gravity of water by change ot^***®*’ 
temperature, is eftimated in this table of Sir G. S. Evelyn’s 
(note on § 23), at nearly double that which is given by Mr, 

Gilpin in his tables, in the PhilofopliicalTranjb&ions for 1794, 
p. 362 ; his appreciation of it from 60^ to 66^ (taking it lobe 
equal to unity at 60<’) being as follows ; viz. 


61® .99991 

63* 

*.99971 

65^ 

.99950 

62 .99981 < 

, Ci 

.99961 

66 

.99939* 


I am, from my own experiments on this fubgedi, difpofod 

to prefer thefe tables ; and taking them to be correft, we (hall 

have a cubic inch by Sir G. S. Evelyn’s (c?klc when at the tern- Ultimate refultt 

perature of 60^, of diftilled water alfo at 60^, weired in air A cubic inch of 

at CO®, under a prelTure of 29^ inches. water at 6o% in 

* air at 6o®, bar. 


By the cube sc « 4 

By the cylinder =: - •! 

By the (phore = • ^ 

And by a mean of all three =s 

And if weighed in vacuo inllead 
of in air a # 


25 ^ 3 . 319 ' 

252.432 

252.5C8 


Grains of the 
Parliamentary 
Standard ac- 

232 306 \ cording to Sir 
[G, ^ fvelyp's 
' ^ appreciation of 

252.S06 ' 


19 . 5 , =r 
252.506 grains I 


it in ( 41 ofhis _ - ^ 

Papeh "=:*S*.«o6 
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CeeHSirtet, Pfc. 20, 18Q2. 


J. Ft,ETCHER. 
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ProbaVility 
that Candle* 
tvhicli burn 
without pro- 
ducing (inoket 
will afford light 
in proportion to 
the matter con- 
Cttmed* 


Experimenti In 
pioof. 
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VII. , 

On the Quantities of Light afforded by Candles in Proportion to 
the ConfwnpUon of Muterid and other Qbje&s rejpe&ing tlje 
. fame. In a Letter from Mr. Ez. Walker. 


SIR, 


To Mr. NICHOLSON. 


"When a lighted candle is fo placed as neither to require 
fnuffing nor produce fmoke, it is reafonable to conclude that 
the whole of the combuffible matter which is confumed is 
converted to the purpofe of generating light ; and that the 
intenfities of light generated in a given time by candles of 
different dimenilons, are diredly as the quantities of matter 
confumed. That is to fay ; when candles are made of the 
fame materials, if one. candle produce twice as much light as 
another, the former will in the fame time lofe twice as much 
weight as the latter, 

To prove the truth of this pofition/I made the experiments 
contained in the following* 

TABLE. 


No. of 
the 
Expe- 
riment. 

No. of 
the 

Candles. 

Time of 
burning. 

Weight 
of the 
Candles 
confumed. 

Strength 

ofLight. 

Diflance 
of the 
Candles 
from the 
Wall. 



h. ' 

oz. dr. 


F^et 


I 

3 0 

0 15 

1. 

7 

1 ] 

3 

3 0* 

1 H 

!• + 

7 

1 

Mould 

3 0 

. 0 15 

1. 

7 


1 

2 55 

0 15 

I 

8 

2 \ 

':3 

2 55 

1 0 ; 

1 + 

8 

1 

Mould 

2 55 

0 15 ! 

_ i 

1 

8 

f 

I 

3 0 

0 I5i 

1 

8 

2 \ 

3 

3 0 

1 2 

H 

H . 

1 

Mould 

3 0 

1 0 

1 

8 

4 5 

5 

3 0 

1 5 

1.18 

H 

4 { 

Mould 

3 0 

1 1} 

1. 

A 
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Th(|fe experiment? were made in the following manner. 

I three candles, the dimenlions of which are given in Method of 
the table, agatnfl 1, 3, and mould Thefe were firft weighed, cxpcument. 
and then lighted at the fame indent. At the end of the time 
inferted in the third column of the above table, they wereex- 
tinguithed and weighed again, and the lofs of weight of each 
candle is contained in the fourth column. 

The three firft experiments were made under fuch favour- Obfer nations op 
able circumftanccs, that I have little doubt of their rcfulis 
being more accurate than what practical utility requires, but 
the fourth experiment cannot be depended on fo much, in 
confequence of the variable light of No. 5. This candle was 
moved fo often to keep the two fliadows equal, that I was 
under the neceflity of fetting down it'i mean diftance from the 
wall by eftimation ; but as this was done before the candles 
were weighed, my mind could not be under the influence of 
partiality for a fyftem. 

The method whicl^T in comparing one light*with an- 
other in each experiment, was nearly that which has been al- 
ready deferibedf. The only difference confifted in having 
the obftacle which formed the lhadows fixed, inftead of being 
held in the hand, A tvs'O feet navigation fcale, which was 
made faft to the ftand of a finall telcfcope in a perpendicular 
dire^ion, and fet upon a table near the wall on which the 
lhadows were compared, reduced the labour of making the 
experiments very much, and gave me aO opportunity of mak- 
^ Igreater number of obfervations in the fame time than I 
could ^ve done with the fcale in my hand. 

The ftandard 

REMARKS ON THE EXPERIMENTS. comparifon of 

experiments at 

1. The experiments were made at different times, and tlie different times 
light of the mould candle was made the ftandard, with which ^ndic*by^the 
the lights of the others were compared ; but it muft not be weight con- 
underftood, that this candle gave tlie fame ftrength of light [hTi^hts^ wer^ 
in every experiment. infered. 

2* The fign in the 3 th column, iignifies that the candle Other remarks, 
againft which it is placed, gave a ftronger light than the others 

* Philofophical Journal, o£laVo, III. 273. 

t Philofophical Journal, quaito, I. 67. and Pbiiof. Journal, 

•flavo/lll. 275, 


Intenfity of 

by the meth^f^ 
oi fhadows« 
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' in the fame experiment^ but the exa£l quantity being t 
(lid not afcertain by calculation. ( 

3. The mould candle in the 4th experiment^ loft^more of 
^ its weight in three hours^ than in the preceding experiments. < 

This was owing to the current of air in the room in which the 
experiments were niade^ being greater than ufual^ occaiioned 
by a frelh gale of w'ind. 

GENERAL LAWS. 

General law as at From the experiments contained in the table, it appears to 
firft fta'cd. eftabliflied law, where combuftion is complete, that the 

quantities of light produced by tallow candles^ are in the 
complicate ratio of their times of burning and weights of 
matter con fumed. 

For if their quantities of matter be equal, and times of 
burning the /ame, they will give equal quantities of light, 
the experiments. 

And if the times of burning be G;jml, the quantities of light 
will be diredly as their weigiits of matter expended, by expe^ 
ments 3 ^ 4f. 

Therefore the light is univerfally in the compound ratio of 
the time of burning and weight of matter confumed, 

STANDARD OF LIGHT. 

More ample If the law which I have endeavoured to prove, both by 
? th experiment, be admitted, we have a (landard by 

ftimdard candlci which we may compare the ftrength of any other light. 

Let a fmall mould candle, when lighted, be fo placjed as 
neither to produce fmoke nor require fnuflSng, and it will lofe 
an ounce of its weight in three hours. Let this quantity of 
light produced under thefe circum (lances, be reprefented by 
1 . 00 . 

Then (hould this candle at any other time, lofe more or lefs 
of its weight in three hours than an ounce, the quantity of 
light will be dill known, becaufe the quantity of light in a 
given time is direflly as the weight of the candle confumed, 
by the gtneral law. 

CONCLUSION. 


Advantage's of 
the inclined 
caadle i 


A candle which is ufed in the manner that I have pointed 
out, gives more light than a candle of the fame dimennons fet 
4 perpeudicularly 
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perpeWicuIarly and fnuffed, becaufe one part of a candle that 
is fnui^d is thrown away^ and another part flies off in the 
form of fmoke. But thiS is not the only inconvenience that 
attends the ufing of a candle in this manner, and which the 
other method is free from, for the light which it gives is of a 
bad quality, on account of its being variable and undulating. 

From the time that a candle is fnuifed till it wants fnuffing contrafted with 
again, its flrength of light fcarcely continues the fame for a “Pfight can* 
fingle minute. But that variation which frequently lakes place fnuffing. 
in the height of the flame, is a matter of flill more ferious 
confequence. 

The flame of a long candle, when it burns fteadily, is about Extreme undu- 
tvvo inches high, but it very frequently rifes to the height 
four inches or upwards ; drops down again in a moment, till vertically $ 
it is lefs than/hree inches, and then rifes again« In this man- 
ner the flame continues in motion for fome*time before it re- 
turns to its original dimenflgns. But it does not continue long 
in a quiefeent ftate it begins a new feries df undula- 

tions. In this manner the candle burns till the top of the 
wick is feen near the apest of the flame, carrying off clduds of 
fmoke. In this ftate of things the eye becomes uneafy for 
want of light, and the fnuflTcrs arc applied to remove the in- 
convenience. 

It is tbefe Hidden changes, and pot the nature of candle and 
light itfelf, that do fo much injury to 

and artift ; but that injury may be eaflly prevented, by laying eyei. 
afide the fnuflfers, and in the place of one large candle, let 
two fmall ones be ufed in the manner which I have before 
taken the liberty to recommefid. 

I remain, 

SIR^ 

Your^s rcfpt£lfully, 

EZEKIEL WALKER. 

Lynn Regis, Dec. 20, 1802. 
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VIII. 


Engine a£ling 
by a column of 
water a^ing aU 
ternatcly on the 
upper and under 
futface of a 
pi if on y as di- 
redfed by turn- 
ing a cock. 


The column 
confifts partly 
of an affually 
prefling mafs 
and partly of a 
fufpended por- 
tlony which 
renders the at- 
nofobere adlive 
on me machi* 
iifiry« 


Dc/cription qf an Engine for raiftrig and lotverii^ Weights by the 

ABion of a Column of Water and for other purpofes. Jo H K 

Harriott, Ejq. 

To Mr. NICHOLSON, 

Dear SIR, 

I SEND the drawings and defcrlptions of my fyplion engine, 
which from its power and great convenience in adlual prac- 
tice, will I prefume be thought a fit fubjed for your valuable 
publication. 

A A. In Fig. I and 2, is a cylinder with a moving pifton 
therein, of which D is the piflon rod. 

B and C. Are^ water ways through which the water is ad- 
mitted to communicate with both (ides of the piflon. 

E F. A pipe in Fig. I, through \vT5feb water defeends from 
a refervoir above, into a three W'ay cock M. and in Fig. 2, is 
a pipe through vs^hich any flream or liead of water runs to the 
three way valve in the ciftern M. 

C H. Is a pipe in both, communicating from the three way 
cock, or valve, to the upper part of the cylinder. 

K B. Is a pipe communicating from tlie fame cock or valve, 
to the lower part of the cylinder. 

II. Is a pipe communicating between the two laft men- 
tioned pipes, confequently between the upper and lower fpaces 
of the cylinder, which communication can be either cut off or 
opened to any requifite degree by the cock L. 

N. Is a pipe in which a lower column of water is fufpended 
by the readion of the atmofphere, and confequently a power 
to the upper column, or fall in proportion to its length or 
depth, not exceeding the weight of the atmofphere. 

The nature and principle of the fyphon engine confids in 
combining the power of* the fyphon with the dired preffure of 
a column or flream of water, fo that they may ad together^ 

It works by means of the fyphon conflantly ading in concert 
with the feeding flream of water, fo that each alternately ad 
on the upper and lower part of a piflon, within a cylinder as 
it were, reverfing the fyphon at each change ; and the jlawcr ,,, 
is equal to a column of water of the fame diameter as that of 

UlG 
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the cyMnder, and equal in length to the height of the head, 
above Ihe tail water. For inftance, if a column of water of 
any given diameter has a fall of 20 feet until it reaches an en- 
gine, its powci; is clearly afeertained. Now whatever that 
power is, if a fyphon pipe be added to this engine, fo as to 
connedl with the column, and the (yphon pipe has alfo a fall 
of an equal length ; namely, 20 feet to the lower end, which 
is immerfed in water, the engine although placed in the mid- 
way, will then have a power equal to that of a defeending 
column of 40 feet, and Ihould the column or fall to the engine 
be but two feet, and the lower fyphon pipe 24 feet, the 
power would be equal to a fall of 26 feet; and in this manner 
in every various diverfity between the falling column and the 
fyphon pipe beneath, the latter will produce an equal power 
according to its proportionate length, or depth to the furface 
of the tail water, provided it does not exceed albove 30 feet, 
or the weight of the atmofphere; and where a flream of 
•vs'ater ia cither level with even below, the place at which 
it is dciirable to fix the engine, there will be no difficulty in 
placing it either below, or on the level, or above the flream 
itfelf, provided the height where it is fixed above, does not 
exceed 28 or 30 feet, and the place where the water flows olF 
be ftill lower. The conftruflion may evidently be varied ac- 
cording to the local fituation and circumllances of applying it, 
and the ufe to which it may be adapted, in giving aftivity to 
different kinds of machinery. 

The drawing, Fig, 1, exhibits the apparatus for raifing or Engine to br 
lowering weights of any kind, on wharfs or in warehoufes. of 

. 1 •/• 1 t /» .1 ■ . acianc. Its ad - 

A man or boy can raile or lower goods ot any weight, with- vanuges ftattd. 
out other exertion than that of merely turning the three way 
cock M. to an index ; in either railing or lowering, the flop i s 
inftantaneous, by a fmall motion or turning the cock to the 
flop mark in the index ; this moll effeftual of flops, or gripe, 
operates fo quietly and eafy without any jirk, or jarring, that 
it removes the ufual rifk attending common cranes or machi- 
aery in which men arc fometimes overpowered. It raifes and 
lowers goods with thrice the velocity ufually produced by ma- 
nual labour, yet an engine of dimeniions fufficient to raife 
(everal tons,, may be fo graduated by the perfon at the cock, 
as to bring it to the fmoothefl floweil motion poffible. The 
ftving if labour and time moil therefore be confiderable, tho 

TilSt 
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« nik of plunder diminilhed, and delays in fetting to work fef 
want of help removed. c 

Though this The great and only obftacle to its general application in this 
a*rrtcrvdr'or* ** ^ natural head of water ip moft fituations 

water; yet this of warehoufes ; and the queftion in thefe cafes would be» 
had^and*wiu be would be worth while to raife a head or refervOir* 

kTghiy beneficial water for fuch purpofes. If this be done, one refervoir 

in cafes of fire, would work any number of engines at any diftance by one 
main pipe, and as many branch pipes as there were engines. 
The ex pence of a fraall Aeam engine to raife the fame water 
(or any other) to the refervoir, would be more than repaid by 
the fecurlty it would give againtl fire. A gallon of water at 
the hiQ alarm of fire^ has more effect in extingutihing it, than 
a hogfliead after it has got a*head. To produce this effeft^ 
and apply it in the fpeedied manner wherever fuch refervoir 
would only require fmall pipes to be led from the main 
pipe that fupplies the engines, to the warehoufes, or where 
it may qtherwife be wanted, afid^^the end of fuch pipe, a 
ferew nozzle and a cock to turn on orbiT, a leather hofe and 
branch pipe, fuch as all fire engines have, being provided and 
hanging near. One man only at the firft alarm of iire, would 
in a few minutes ferew the hofe upon the ferew nozzle, and 
then turning the cock, he would of himfelf be able to play 
upon the fire with all the force of a flrong fire engine. 

Propofal for Perhaps it is not too much to fay, that this ready preventa* 
of would be equal in effedt to an infurance. 

cveiy pari A. Independent therefore of its application to the fyphon engine 
for railing and lowering weights, 1 have conceived, that if 
fuch refervoirs of water were provided in all cities and towns, 
well elevated at fuitable diflances (one or more in every parifh) 
there would not be near the danger and calamity from fire that 
now exiAs. The dlAance of the refervoir from the Are is of 
no confequence, provided the pipes were laid with fuAicient 
water way ; and it would feldom happen that more than one 
Are at a time would break out in the fame parlAi> or if it did, 
the fame fpeedy and effedtual affiAance could be given by any 
number of fuch powerful and fclf-working engines, as long aa 
there w^as water in the refervoir. And even fuppoAng the 
fupply from the refervoir to be limited to any given lime of 
expenditure, common prudence would leatl to its being re« 
pleniAied by the ufual mode, before it could,be ex4 

hauAed. 

The 



fOtL RAISliie AKO^LOWKHINd 4/f 

tTh« drawing Fig. 2, fhows how the fyphon engine is to ether ufes and 
he applied to (Ireama of water, the advantages of which are, ^ 

that the engine as well as the mill work, or manura6luring 
machinery it may drive, may be placed where moft conve- 
nient, above or below the head or llream, to be worked by a 
fall of water from the leaft to the greateft height, or by any 
fiream or river, the tail water below afting and having as 
mneh power as the head, anfwering to the height of either. 

Nor can a drop of water efcape without performing its full 
duty. The power is therefore greater, and not liable to the 
difadvantages attending a water wheel. In tide waters it 
would work ebb and flood fo long as there was a difference of 
two feet or lefs in the height, regulating itfelf, fo that the 
power may be equal, let the head and tail water rife or fall, 
by which a fmooth uniform motion is maintained and adapted 
to the fmallefl as well as the flrongefl power wanted. If the 
tail water re-a6ts upon a water wheel, it mud lofe fo much of 
the power of the fall, ovJsr other words, whenever the tail 
water rifes above th6 lowed wath boards of the wheel, a 
counter a^lion will be exerted as is well known again d the 
power of the wheel. A confiderable quantity of the dream 
mud likewife efcape without any good eflre6t. Thefe difad* 
vantages of the water wheel, are removed by the fyphon en- 
gine ; and in frody wCather being fed by a pipe from below Frofty weathcf 
the ice, it will not be impeded, becaufe its velocity in palling and 

through the engine, will prevent the water being expofed a other hydraulic 
fufHcient time to the cold atmofJ)here to congeal it ; and when "'^chines, 
at red the engine may be left empty. It is fcarce necelTary 
to obferve, that when the engine is fixed below the running 
head of the dream, it will fill as fbon as the fluice is opened, 
and fet itfelf to work ; bat when placed above the head, it 
will require fufficient water to fill the whole interior fpace, 
which being thus charged and converted into a fyphon, will 
then work as well and with as much power if the engin# 
were placed below the head of the dream. 

1 am, ^ 

Dear SIR, 

your mod obedient and 
very humble fervant, 

JOHN HARRIOTT. 

Zhmcs^ToHce, Z)»c. 20, 1802. 


REMARKS. 
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REMARKS.— W. N. 


the Waterj 


<>nfidcration of xiic convenience and facilities afforded by Mr. Harriott^* 
•bicOions to a Engine, will be obvious to every one ; and tlie only circujn- 
water engine flances which can be urged in the way of objedlion againff it, 
* are thofe which he has himfelf noticed ; namely, that it in 
general requires the water to be raifed, which is to work U as 
Labourofialfinga cranc, and that this water is fubjed to freeze. To meet 
the Water, difficulties fairly, we muft admit, that if a ton of water 

were raifed to the top of a warehoiife, in order by its fall to 
raife a ton of goods (even if it could do that) it would be fim- 
pler for the warchoufeman to raife his goods without the in- 
tervention of the fluid. But while we admit this general 
truth, it muff alfo be obferved, that the pofitions do not include 
tomparci with the w'hole of the a£lual tiafe. The r^ifing and lowering of 
ployed to ho[ft go<^ds being a proccfs of confiderable (kill and intelligcncet 
aAd lower goodb. and being neccfl'arily carried on many flops, interruptions, 
and variations of foice, is on thch^N^unts performed by the 
mofl expeiifive of all firft movers; namely, the flrength of 
men, and even this power is for a large part of the time inac- 
tive; namely, during all the intervals of operation. Here 
then is a wide field for the faving oh force, if it could be flored 
up and ufed when wanted. Sappofe for example, that two 
men were employed in a crane, and that the paufes of inac- 
tivity amounted to one third of their whole time, thefe men 
would be more beneficially employed in railing water, to be 
afterwards dire£led by a boy, or by the foot of a clerk who 
Hoifcs. account of the delivery of packages. But 

as horfe work is reckoned at leafl five times as cheap as human 
labour, the faving of labour by employing that animal, would 
Steam. about fix fevenths of the whole ; and fleam engine work 

upon a very final 1 fcale indeed, would be as cheap again as 
ftv^*by°Mr. work. ' Hence it appears, that after every allowance for 

Harriott’s engine the greater quantity of water rc;quired to produce velocity by 
ncam)^wouM circumftancos the faving of labour muft 

exceed fixTe- be very great, by thus ceconomizing and ftoring up the force, 

venths of that exclufivc of thc conveniences detailed by Mr. Harriott in his 
now expended. . ■' 

letter. 

Froft would The freezing of the w'alcr is an impediment of fuch a na- 

»ffea*^it^^miU perhaps be found that the operationg of naj 

work as it does tural 

other engines ; 


Thc labour 
faved by Mr. 


(fuppiled by 
(team) would 
exceed fix fe- 
venths of that 
now expended. 

Froft would 
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ipipiireams or falls of water would befubje£t to interruptions 
from this caufe« With his engine about as foon as with others 
that are more expofed, fo that its advantages would confift of 
the other particulars which he has detailed. But with the en* but in mne- 
gine applied for raifing goods, it is to be apprehended that 
the water in the elevated" refervoir would be bound up by ”capableof 
freezing, and alfoMn fevere weather checked if not confined tr«e*ing ia our 
by the fame caufe in the engine itfelf. The remedy for this*^^®^^* 
appears io be to work the engine, by raifing the fame mafs 
of fluid repeatedly, and diflblving fome cheap material in it 
which (hould render it lefs difpafed to freeze. Moft faline by a moderate 
bodies would have this effeft, and the quantity once added, 
would remain long without wafte or lofs. Experiment would fubftMcc. 
fliew what fait, and whether earthy, neutral, metallic, alka- 
line, or acid, might be the cheapeft, moft effedtual, and leaft 
difpofed to a£l upon the engine *. 


IX. 


On the Ele&ricity qf the Shavings qf Wood. 

WiESOif. 


SIR, Londmi, Dec» 15, 1802. 

Your readinefs to infert my letter of the 11th of Odober, 
encourages me to requeft the infection of the following account 
of experiments on the eledricity obtained by cutting of wood, 
&c. In doing which you will very much oblige 


your obedient humble fervant, 

WM. WILSON. 


HAVING frequent occafions to work very dr5^ wood that WoodihaviA^i 
has lain over a lauge fire for feveral hours, I have often ob- ^ ^ 
feived the ihavings, 8 fc» to adhere to the tools, and whatever 
they touched. About two years ago I began to take parti« 
cttlar notice of, and endeavour to find the caufe of this phe-^ 


* In the confidtration of this engine, the attention >of Ae reader 
will be dire^ed to the preiTure engine of Mr. TreviAick, in our 
firft voluni^. 


VoL. IV.— ^January, 1805. 
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nomenon. 
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c nomenon, and after fatisF^ing my felf that it wg$ not ^ 

by any moiilure or roughnef; on ^fae fubftance ; 1 
that eleftricity was the caufe, and I accordingly fet about tb© 
experiment? which are the fubjeft of this communicatioa.. 
pry warm beach I laid a circular tin plate> 6 inches in diameter, on the cap 
Bennefs electrometer, and with a piece of dry and warm 
"i^indow glafs, fcraped a piece ot dry and warm beach, a few 
of the (barings being received on the tin plate, made the gold 
leaf ftrike the fides of the botlle with pofitive* eleflricity. 
Thi<i was always the cafe whether the wood was hot or cold,, 
but not always equally ftpong. 

wkhftcclnega- I thought a knife would be more convenient than glafs to 
ferape with, and when I tried it, I found the (havings w^ero 
negatively eledrified, although they w^ere taken from the fame 
piece of wood which before gave politive. 

Other woods. This change in the refult induced me to try different woods 
in different ways (fometimes feraping and (bmetimes cutting 
fmalLq^a) but obtained very<nncertain rciults, for fometirnes 
I obtained pofitive and fometimes iw^gative eleftricity, evcii 
when I cut the fame piece of wood with the fame knife. 

An infulatcd I next fixed the blade of a penknife into a glafs lube, co« 
knife acquires ^ered with fedlirtg wax, and fet to work with this infiilateii 
ekdtricity. knife, and found that it was afw^ays eleftrified with the con- 
trary eleftricity to that of the chips which were mod fre- 
quently pofitive. But as they were fometimes negative, I 
repeated the experiments very often to difeover the caufe, but 
with very little fatisfiiftion. » 

A fharpinfulat- However, ader making feveral hundred trials, I found the 

negative chips j di® kad feme iiifluetice, for one 

a blunter poti- day after chipping witti the infulated knife, and getting pofi- 
tivt. Ijye chips, I fet the knife on a hone to make it cut better 

(which I had frequently done before) and when I began to 
chip the fame piece of wood which but jud before gave pofi- 
' tivo diips, i found the chips were negatively eleftrified fetre- 
ra! times, 1 then chipped the fame piece of wood with a knife 
that had beett very much fifed, without (harping, and this gave 
pothiVe chips as the other had done before it was (harpeff; Ae 
knife that had been fimrped was tried again, but the £hips 
were pofitive now, however when it was (harped agipn it 
ipvt negatiVfi chips. 


I now 
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QOW thought I had found the caufp of the contfi^di^y 
iUs« but to be more certain about it, 1 bogao the fciiawiag 
of experiments. I fliarpened a penknife to a very eioe 
edge» and ufed the fame pieces of wood that bad beta ufed 
* in the former trials. In 24 trials with cherrjt.tree, the chips 
9rere alM^ays negative, and in four trials with elm, and in fiat 
with yew, the chips were always negative. I now drew the 
edge of the knife lightly over a piece of iron to dull it, efi^ 
peeing to get jx>$iive chips, but on trial the chips were fiiU 
negative. Suppoiing the knife was not dull enough, I drew 
the edge over the iron again, and made the edge very bad, 
but the chips were fiili negative. The edge of t^ knife was 
next made rough by rubbing it op a grindfione, and this rough 
edge gave negative chips. The knife was next ground and 
fet on the hone very carefully, and this fharp edge gave nega* 
tivc chips. 

As nothing fatisfa£lory was obtained from this fet of expe- Probability tbat 
rlments. I began to fefpe^that the degr/ee of beat of the 
wood was to be confidcrefl(for the wood was cold in all the fluence the re* 
lall experiments, and foinetimes hot, and fometimes cold, but^^^^** 
mod frequently hot in the firft) or that perhaps the heat of the 
wood, and the /harpnefs of the knife, were both to be taken 
into the confideration. I therefore fet about the following fet 
of experiments. 

1 fplit the piece of cherry tree (that was ufed before) into Detail of expe-* 
two pieces, one of which was made thoroughly hot at the 
fire. This when chipped with the fame knife that was ufed and different * 
in the lail experiments, without being fiiarpened, gave 
live chips every time in fix trials, aud after this piece of wood 
had cooled till it was fcarcely warm, gave pofitive chips every 
time in four trials, I then took the other piece which bad not 
been near the fire for five or fix hours, this gave n^ative 
chips every time in four trials, 1 now made this piece of 
WQod quite hot, thoroughly, and chipped it ^ain with the 
feme knife, and in feven trials the chips were pofitive every 
time. Thefe two pieces of wood was now laid by for three 
or four hours to get quite cool. In this flate they gaveiie|pi« 
tive chips every time in twelve trials. Qne of them when 
made thoroughly hotagain^ gave pofitive chips every time in 
fix trials. The other piece was now made warm (but only 
extemayy fo) in eight trials it gave pofiti\*e chips four ticne^ 

£ 2 and 
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and negative chips four times ; but after laying threO or 
hours to cOol it gave negative chips devery time in eight tridjH 
A third piece of cherry-tree fhat had not been near a fire 
four or five days gave negative chips. I repeated thefe 
periments with different knives that had not very fcarp ^^8®* 
and with beach as well as chefry-tree. And whenever thS 
wood was made thoroughly hot at the fire, it always gave po-* 
iitive chips, not only when hot, but when it was fo cooled as 
not to be fenfibly warm ; but when it had laid away from the 
fire three or four hours, the chips were always negative. 
Sometimes when the wood was butflightly warmed, it would 
be very difficult to get any figns of electricity, and at other 
times when the wood was made hot only externally (by putting 
it very near the fire for a fliort time) the firft few chips would 
be pofitive, and the fucceeding ones negative. I had one 
inftance where with the firft chip the electrometer diverged 
near an inch, and with the fecond it completely clofed ^ain. 
Having fucceeded thus far, I stj^ught I would try \Vhcither 
the refuks would be the fame if I ufed 'a very (liarp knife, and 
accordingly Iharped two knives on a hone Very carefully. And 
1 ufed the fame pieces of cherry-tree made thoroughly hot ; in 
nine trials with one of the knives, the chips were negative 
'-very lime and in five trials with the other knife, the chips were 
negative eveiy time. I made a number of fimilar trials wdtfi 
a piece of beach with always the fame refults, but the beach 


feenied to be too hard for that keennefs which is necefliiry to 
produce negative chips, for kftcr cutting one or two chips, 
ihe edge viould be fpoiled, and produce pofitive chips j but 
always when the knife was fliarped, the firft one or two chips 
would be negative. Similar to this I lound by fubfequent . 
li ials to be the cafe with tlie pieces of cherry-tree, ten or twelve 
chips of this (which was very ftraight and open grained) would 
fpoil the edge. 

Shrvi*n[4o^f d?y thefc experiments it appears, that when very dry 

vrood by glafs, wood is fcraped vvitli a piece of window glafs, the ftiavings 
hoc wood byT always pofitively electrified. And if chipped with a knife, 
njoderate ftecl the chips are politively eleflrified if the wood is hot, the edge 

butVegativelf* fliarp, and negatively eleftrified if the 

cold ‘.—and a wood is quite cold. But if the edge of the knife is very jkeen^ 

very fharp edge the chips will be negatively elcClrificd whether the wood i* 
gives negative i_ . u ^ j ^ 

whether hot or or COld* 

cold. 2 The 



on THK COMPOSITION OP KMEUY. 


S3 

I Kic greateft iramber of trials was made with tlie Ihfulated tSc knife aUi 
Ifey which was alwayl ekdlrified contrarily to the chips } contrary, 
p the furface of the wood where the chips were cut from 
lis very feldom eledrrfied, and when it was it was always 
it weakly fo, and of the fame denomination as that of the 
eakeft of the other two. I have repeatedly found that if a Split wood has 
piece of dry and warm wood is fuddenly fplit afunder, the 
two furfaces which were contiguous are eledrified, oiie fide 
pofitive and the other negative. 


X, 

On the Compojition of Emery , Bj/SmithsonTennant, 

Efq, F. R. S. (Pk Tranf 1802.) 

The fubftance called emeiy, which, from its great hard» Emery Has not 
neft, has been long ufed in ..irious manufadures, for grinding analyzed, 
and poliihing other bodTes, has not, it appears, been hitherto 
Corredly analysed. In books of mineralogy, it is confidered 
as an ore of iron ; an opinion probably derived from its great 
fpecific gravity, as well as from the iron which it frequently 
contains. But, where this metal is moft abundant, it could 
not be extracted from it with advantage, and ought rather to 
be regarded as an impurity, as it does not contribute to pro* 
duce the peculiar hardnefs for which this fubftance is diftin* 
guiihed. In Mr. Kirwan^s minersdogy, he mentions an exa- 
mination of emery made by Mr. Wiegleb, from which he in- 
ferred that 100 parts confifted of 95,6 of filex, and 4,4 of 
iron. Mr. Kirwan, however, juftly fufpe£ts the corre6lnefs 
of this account, and obferves that he had no doubt but fomc 
other ftone was impofed on Mr. Wieglcb for emery. 

When powder of emery is boiled in acids, it Ijecomes of a Emery powder 
lighter colour, from the lofs of part of the iron ; after which, 
it does not feem to undergo any further alteration. As acids 
produce fo little effea on it, I expoled it to a pretty ftrong 
red heat, with carbonate of foda, in a crucible of platina. 

On adding water to the mafs contained in the crucible, the Soda Ify fufion 
greater part of the emery was found in powder ; having only 
become of a light colour, froip the extre^lton of part of the the emery. 

icpn. 
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iron. Though this procefs was twice repeated with 
IBaii)ing powder, and in a (Ironger Wt, a groat perp^rtk 4 w 
it remained undiiTolved. 

The alkaline folution, after a red calx of iron hid fubfided 
from it, was faturated with acid ; and gave a precipitate of a 
white earth, which 1 found to be almoft purely argillaceous. 

The refult of thefe experiments, was fo firoilar to thofe of 
Mr. Klaproth on diamond fpar, as to render it very probable 
that emery was in reality the fame fubliance, though ufually 
mixed with a Wger proportion of iron 5 and the fubfequent 
experiments appear to confirm tliis opinion. 

In ordjsr to obtain a quantity of emery as free from iron as 
I could, I reduced to a coarfe powder, a piece which con- 
fided of difterent ilrata, feme of which were of much lighter 
colour than others | and afterwards fepafated, by a magnOt, 
the particles which were attraAed by it. The part which was 
pot attraAed by the magnet, J obferved to have the ufual de- 
gree of hardnefs (by the ferate^ which might be made with 
it on flint.) I then reduced it to a finer powder, in an agate 
piortar ^ and, as this was principally done by preffiire, and 
not by grinding, hardly any fenfible addition was made to its 
weight. In the fame manner, I found that diamond fpar 
might be powdered to the fame degree of finenefs/ without 
any material mcreafe of weight from the mortar. 

Of the emery powder thus prepared, 20 grains were taken, 
and heated in the manner b^ore definribed, with 190 grains 
of foda, which had been prevronfty deprived of carbonic add, 
and boiled to drynefs hi a fUver pan. By nearly the fame 
procefs as that ufed by Mr. Klaproth, I obtained about 1^,0 
grains of argillaceous earth, ,6 of filiceous earth, ,8 or ,0 of 
iron, and ,6 of a grain remained undiiTolved. Thcfe numbers, 
reduced to parts of a hundred, are therefore, 

ArgSlaceous earth - . - - 80 

Silex - - . . ’ - 5 

Iron - - . - 4 

pudiiToIved - • • « • 3 


Mr. 
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KId|)i;Qrh^obteinpd from the CJiinefe cor updunij afj[^ pfoved neafl^i 
^fejpiirating from it tht parlteles which were af traced by the |}jofe*Sf*chiii 


magnet. 


corundum. 

Argtllaceoas earth - 

- 84 


Stiex 

6,5 


Iron 

- • • 7,5 



98. 

As this anal)fis was no doubt copdudted with greater care 
than mine^ the lofs of weight was lefs ; but the proportion of 
the ingredients is futRciently near to (how that the fubftauccs 
are cfTentially the fame. 

From 25 grains of emery which appeared the mod impreg- Other emery 
nated with iron, and yet retained its ufual hardnefs, I obtained^ tWrd*^? koa 
argillaceous earth 12,5 g filex 2, iron 8^ and one grain was not 
diflblved ; or^ per cent. 

Argillaceous earth • • • 50 

Silex - . • . • 8* » 

Iron ♦ ^ - • - 32 

Undidblved • • « . 4 


94. 

As fuch emery can eafily be had of uniform quality in large 
pieces^ I procured the powder jeinployed in this experiment, 
by rubbing two pieces agatnd each other. 

Froftr 25 grains of emery, iimitar in appearance to the pre- Another ina- 
cMing, bat Vrhich had been drgefled with marine acid pre- 
vious to the a^ion of the aikair, I had. 


Of ar|illaceous,egjrtb - , - 

I6,i 

per cent! 

|65,6 

Si^'ceous earth 

* ,8 

3,2 

Iron - - , • 

- 8, 

8, 

Not diflblved • » » 


18,0 

• 

23,7 

S4,8. 


The iiardnefs of em6ry, as far as I could judge by its cut- Emery appeaia^ 
fing rock cryfial and flint, appeared to be equal to that ofjjj^**^*** 
diamdnd l^ar. The latter could not be Icratched by the 
former ; bu^, as emery has not a furface fufficiently poliihed 
to render a mark vilible, the cimverfe of this codd not be 
tried. 


All 
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Ellery cornet^ -All the emery which Ls ufed in England, is faid to be bro^ht 
^lefly (rum from the Iflands of the Archipeljjgo, and principally frogi 

* Naxos. In thofe places, it is probably very abundant; as th^ 

It it cheipj price of it in London, which I was told was 8 or 10 Ihilling# 
the hundred weight, appears little more than fufficient for the 
charges of carriage. Though I faw a very large quantity in 
one place, (more than a thoufand hundred weight,) I could 
notcryftallizcd; not find any pieces of a cryftallized form ; poffibly the great 
proportion of iron wfually mixed with it, may prevent its 
cryftallization. The whole confifted of angular blocks inp 
crufted with iron ore, fometimes of an o6laedral fornii with 
pyrites, and very often with mica. The latter frequently 
penetrates the whole fubfiance of the mafs, giving it, when 
broken, a filvcry appearance, if feen in the direftion in which 
. the flat furfaces prefent themfelves to the eye. As thefe fub- 

flances have no chemical relation to the emery ilfeH*, it is re^ 
!s accompanied markable that they (hould alfo accompany the diamond fpar 
by the fame from China ; for Mr. Klaproth obferves, ** that its lateral 
Chmefrdia^* facefs are moftly coated with' a firmly-adhering cruft of 

inond fpar. micaceous Icales, of a filvery luftre he alfo p^entions, 

befides felfpar, pyrites, and grains of magnetic iron ore. 


TP 
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pxperitnents and Obfervaiions on the Power of Fluids to conduS 
Heat ; with Peference to C(Ant Runford*s Seventh pjfay on tie 
JbmeSui^edt. ifyJoHN Dalton*. 

The properties Th E nature and properties of fire or heat are fubjeds 
tmually^ndw”* prcfent themfelves to our confideration in almoft every 
opr notice. department of phyfics ; it is no wonder therefore that new ex- 
periments, ivhich point out and define the modes of operation 
of fire, before unobferved, or at leaft too much overlooked;^ 
CoufieAum- flmuld altraft the attention of philofophers. — ^Thefe obfexva- 
experi- tions were fuggefted upon reading Count Rumford^s very in- 
franfnjiifion of g®n*cus experiments, in his eflay above-mentionti’d, which og- 

heat by circuit- hibit a fa£t in a more ftriking point of view than it has ap? 
tion th ough • 

fluids. 

* Maachefttr Memin, nh v. 313. 
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beforet— namely, fiat t/ie qidcknefs ^f the circulation and 
m fluids, it occe{fioned principally by the internal 
motion arifing from a change of Jpecific gravity ajfeM by the 
But the conclufion he has drawn from ihQva-^that flutds 
are perfedt non^conduSors of heat, in the way in which folids con- His inferciice,‘ 
dufl it, appears fo me totally unwarranted from the experi- ^on.fonduft^rps 
ments, and erroneous in itfelf. And as it may be an error of crroiwoi«* 
pradtical confequence, if adopted, the expofition of it feemed 
delirable — which is the objedt of the following remarks and 
experiments. 

My fifft attempt was to afeertain the precife degree of cold Experiments, 
at which water ceafes to be further condenfed — and likewife 
how much it expands in cooling below that degree to the tern- 
perature of freezing, or 32®. For this purpofe I took ^ a thermometer 
thermometer tube, fuch as would have given a fcale of lo 
inches with mercury from 32® to 212®, and filled it with pure 
water. I then graduated it by an accurate mercurial thermo- 
meter, putting them together;, in a bafon filled with vyater of 
various degrees of heali and ftirring it occafionally : as it is 
well known, that water does not expand ip proportion to its 
heat, it does not therefore afford a thermometric fcalc of equal 
parts, -like quickfilver. 

From repeated trials agreeing in the refult, I find, that the Greitprt con- 
water thermometer is at the lowefi point of the fcale it is ca- 
pable of, that is, water is of the grealeft denfity at 4-2^® of 
the mercurial thermometer. From 41^ to 44*^ inclufiveiy the 
variation is fo fmall as to be perceptible on the fbale ; 
but above pr Jbelow thofe degrees, the expanfion has an in- I-aw of expan# 
creafing ratio, and at 32^ it amounts to -Jth of an inch, or 
about part of the whole expanfion from 42°^ to 212® 
or boiling heat. — During the inveftigation of this fubjedl, my 
attention was arrefted by the circumftance, that Die expanfion 
of water was the fame for any number of degrees from the It Is the fame <vn 
point of greateft condenfatlon, no matter whether above or *n?beioV^ 2 ®| 
below it: thus I found that 32®, which are 10o| below the 
point of greateft denfity, agreed exadily with 53®, whicli are 
|0®| above the (aid point ; and fo did all the intermediate 
degrees on both fides. Confequently when the water ther* 
picmieter flood at 53®, it was impoftible to fay, without 
knowledge of other circumftances, whether its temperature 
realjy 53®, or 32^. RecqIIe€ling feme experiments of 



5dr 


ON THE ‘POWER OP PltJIllS TO COKI^UCT HKRT. 

Br. Blagden 2n the PhibTopTiical Trtofkdions, from whicli U 
Rppiears that water was cooled do^n to 21® or 22^ wiAoaC 
and the water freezing, I was curious to fee how far this law oF expanlfon 
conUnue below the freezing point, previoufly^ to the 
50 or 6^ with« cOngebition of the water, and therefore ventured to put the 
9ut fteeaing, water thermometer into a mixture of fnow and fait, about 
below the freezing point, expelling the bulb to be butfft 
when the Aidden cOOgehtion took place. After taking it outf 
of a mixture of fnow and w^ter, where it flood at 32® (that 
is 53® per fcale) I immerfed it into the cold mixture, when 
it rofe^t at firft flowly, but increafing in velocity, it paffed 
66®, 70®, and was going up towards 80®, when I look it out 
to fee if there was any ice in the bulb, but it remained per* 
fedlly tranfparent : I immerfed it again, and ralfed it 75® per 
fcale, when in an' inftant it darted up to 128®, and that fno- 
ment taking it out, the bulb appeared white and opake, the 
water within being frozen : fortunately it was not burfl ; and 
the liqcaid which was raifed thu^'^to the top of the fcale was 
not thrown out, though the tube waV unfealed. Upon ap* 
plying the hand, the ice was melted, and the liquid refumed 
its flation. This experiment was repeated and varied, at the 
expence of feveral thermometer bulbs, and it appeared that 
water may be cooled down in fuch circumftances, not only to 
21®, but 5® or 6®, without freezing, and that the law of exm 
paniion abovementioned obtains fn every part of the fcale 
from 42®| to 10® of below ; fo that the dehfity of water at 
10® is equal to the denfity 75®. But as the difeovery of 
this curious, and I believe hitherto unnoticed property, has 
little to do with the objedl before us, I (hall (ay no more of it 
at prefent. 


CTo be continufid in our next.) 
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^BNtlFPa ACCOUNT OF FOORS, '&c, 

LeBureJiip on ftSffeSts of Ntiiurol and Experimenihl Philojbphy, 
at NetocaJHe upon Tyne. 

Among our provincial locieties for promoting tlie culti- Eft^blifhmentof 

vation of literature and philofophical purfuits, the fociety at Kewl 

Newcaftle upon Tyne, has for a number of years poflefled up<to 

an eminent fiation for the ability of its members, and the un* Tyne. 

remitting afiiduity and intelligence which they have exerted to 

difcover and carry into efle£t thofe objedts which bodies of 

men are belt capable of promoting. We all know that it is 

ea(y for a body of men to aflemble together ; to dignify them* 

felves by a name ; to hold forth ftriking pretenfions to the un* 

indrudled multitude ; and to make a fort of commercial traffic 

of that fcientific celebrity which the voices of men caii confer 

upon each other, for ^ time at leaft, while the greaf public 

may a(k in vain what they have done to deferve it. But when 

a body of true friends to their country and to mankind meet 

together, to confider in what way they can beft employ their 

talents for the good of fociety and the promotion of the arts 

of civilized life, within that diftridl which more immediately 

falls under the limit of their notice, and the extent of their 

power and influence ; — when their well-earned celebrity is a 

fecondary objedt, in comp4rifon«with the internal fatisfadlion 

afibrded by a proper employ of talents and virtue — fuch an 

^ociatlon becomes a public blefling, and its good confe- 

quences extend to the remoteA periods of after times. The Active exertiont 

Literary and Philofophical Society of Newcaftle, has already ** 

made inquiries into the ftate of the arts, of agriculture, and 

of the mineral produdls of their vicinity. It has aftifted the 

diflTufion of knowledge by the eftabIKhent of a well regulated 

and eafily acceftible library ; and it has lately proceeded to 

conftitute a ledtureftiip on the fuljedls of natural and experi* 

mental philofophy, the requiftte fteps for which are now in 

progrefs with great fpirit and adlivity. 

On the fourth of May laft, a paper by Mr. Thomas BiggCi Hiftory of the 
on the expediency of eftabliftiing a ledturelhip at Newcaftle 
upon Tyne, upon the fubjedls of natural and experimental 
philofophy, was read : In this paper, we find a clear, elegant Mr. Bigge*t 
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and animated ftatement of its objects j confidered as svcll 
with regard to their great iniaucncfe on fociety, as to tho& 
local circumftances towards which the intention of the author 
< was more particularly dire6ted. In this paper, no lefs ftrifc* 

ing for the value of its contents, than for the eftimable mo- 
tives of its author, we find fadls which llrongly fupport what 
has been faid at the commencement of this article concernii^ 

adopted, and an the general proceedings of this refpeclable fociety. In 

pubLccircuUte^ fuggeftion, ihefubjeft was again refumed^ 

and an addrefs to the public was circulated in the month of 
June, requeuing their co-operation and affiftance, exhibiting 
fome part of the outline, and announcing that the appoint- 
ment of Le6lurer has been made to the Rev. Wra. Turner, 
a gentleman long and well known to the fociety for the abilities 
with which he had exercifed the office of fenior fecretary. 
Since that time, confiderable progrefs has been made in the 
fubferiptions ; and the leflurer delivered a general introduc- 
tory difcourfe on Tuefday, November the 16th laft, upon the 
objeds, the advantages, and the intended plan of the lec- 
tures. I am forry that the limits of a flioit nloice forbid the 
attempt to give any analyfis of this excellent difcourfe, which 
affords ample evidence of the comprehenfive views of the 
author, with regard to the organization and duties oT fociety 
in general, as well as the fciences he has undertaken to teach. 
I have thought it might be advantageous in fome degree to 
the views of this public body to give the prefent account 
fliort and imperfed as it muft'^neceffarily be, and ftill more to 
the world at large, if the exertions in favour of the fciences in 
one part of the kingdom, (hould, as is moft probable, be fol- 
lowecj by fimilar proceedings in qthers. 


On a new Kind of Mortar called Plaifter Cement. 

Account of a Among the ftones on the fea-beach, near Boulogne, a par, 
water cement, jj colleded, which when calcined and pounded 

like plaifter, forms a very bard cement with water. This 
fubftance has been ufed for ceconomical purpofes, and was 
found to poffefs the valuable quality of refilling water; under 
which fluid, it hardens very ftropgly, and much mor^ than in 

thn 
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the air. Many con(lra6tions made with this cement afford the 
mpft complete proof of itsVolidity and tenacity. The detail 
of thefe experiments are given in a report prefented by Lc 
Sage to the fociety of Agriculture, Commerce and Arts, at 
Boulogne. Thefe muft no doubt be of much local import- 
ance; but the analyhs of Guyton, as it tends to elucidate the 
coipipofition of cements, is of more extended confequence. 

The fpecihc gravity was between 2,04 to 2,19 and 10 
grammes, or about ^ of an ounce produced in cente- 
grammes. 


Lime - - - « 

403 

Carbonic acid 

330 

Clay - • ^ 

- 187 

Oxide of iron 

70 

Alumine - • - 

- 5 


995 

The 187 centejjrammes of clay 

afforded^ 

Silica -1 - . 

99 

Alumine - - - 

39 

Oxide of iron 

43 


181 

The ftones are therefore compofed of 

Lime • * . 

403 

Carbonic acid 

330 

Oxide of iron 

- 113 

Silica „ » • 

99 

Alumine . - • 

. 44 

Lofs - - . 

11 


1000 


Citizen Guyton fhewed a veflel to the fociety d’Encou- 
ragement at Paris, which was very clofe and firm in its tex- 
ture, whence the abridger in the bulletin des Sciences, from 
which I take this article, expreffes his opinion that it would 
prove very ufeful in the fabrication of various articles of 
fottery. 
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Note conerning Thfo Brothers of a Race qf Men refimhSnf 
Porcupines^ 

Men having Many philofbphcrs have already fpoken concerning this 
ftales and fpincs thp reality of which has been eftablifbed in a family weB 
Jike porcupines, name of Lambert.' Two brothers of this 

mily, all the males of which, have their bodies covered with 
fpines or fcales, are at prefent in Paris. One is 24 and the 
other 14 years of age. The body of the eldeft is entirely cfH, 
vered, except the head and the infide of the hands and feet : 
the youngefl is naked in Tome places, particularly about the 
bread ; but the brown fppts on thofe parts fufficiently indicate 
that when he advances in age, he will become as rough as his 
brother. The fpine^J on the back of the hand are very large, 
and may be compared for their diameter to the quills of the 
porcupine ; but thofe upon the bread have a greater refem- 
blancef to fcales : they are fmall long plates, very numerous, 
and near together, being vertically inSplanted in the fkin. 

This thickening of the epidermis and hair, proceeds from a 
difeafe tranfmitted from generation to generation, but only 
4rom male to male. Five generations have been already af« 
ftifled with it. 

Bull, de la Soc. PhilomtUh. 


Mawe*s Miners- T%e Mineralogy qf Derhyfhire, with a Defeription qf the tnofi 
Mines in the North of England, in Scotland, and in 
Wales; and an Analyfs qf Mr. WilUams^s Work, entitled, 
** The Mineral Kingdom.*^ Sul^oined is a Glojfary qf the 
TerfHs and Phrafes ufed by Miners in Dcrhyjhire, John 
Mawe, London, Phillips, George Yard,' \^02, oStavo, 211 
with 4 Engraw^Sm 

» 

The author of this ufeful book was employed by a Sp'anifh 
gentleman to make furveys of our principal mines in Derby* 
(hire, to colleft their various produAions, and more partku* 
larly fpecimens from each ftratum, deferibing their thickneis, 
fituation, and pofition ; in order to fhew an exa£t re'prefen* 
thtion of the mines for the royal cabinet at Madrid, To the 
4 obfervations 
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obfervatlons thus made^ he has added accounts of Tome mines 
in Scotland ; a Tour (roq^ ijrlafgow to Stafia ; tlie fait mines at 
Northwdch ; the Parys Mine ; Obfervations in Wales, and an 
Account of Mr. Williams’s book, in 2 vols. called the Mi? 
neral Kingdom. This account I'eems too concife to be of 
g^reat utility, and as a critique would have anfwered its gur« 
gofe as well, If a few of the epithets had beep more civil. 


An Enquiry into the Caufes qf the Errors and Irregularities Vifdch Speer on the 
take phee in afeertaining the Strength of Spirituous Liquors^ by 
the Hydrometer, with a Demonftration qf the Practicability qf 
fifnplifying and rendering this Infirumnt accurate. By Wli? 

LXAM Sp£ER, Supervisor and AJfayer qf Spirits in the Pori qf 
Dublin, octavo, 48 Pages. London, 1802. 

On the prefent occafion, when the government of the 
country appears difpofqjl to fettle this point of experimental 
philofophy, upon which refults of confiderable importance to 
the revenue and to private property depend, but which have 
certainly been hitherto conducted in a flovenly and inaccurate 
manner, it muff be very acceptable to all parties to fee the 
fiibjed clearly treated in a fmall pamphlet. After a (hort In- 
trodu6tion, the author gives an account of the origin and rife 
of the hydrometer, the caufes of its irregularities, the different 
modes of chjtfging overproof ; the principal defeflsin Clarke’s 
hydrometer ; the imperfedion of the weights in that iii/lru- 
ment; the general principles of floating inflruments; the 
ftandard of pure fpirit ; Gilpin’s tables ; modes of fimplifying 
the. hydrometer; defeription of his own improved hydro- 
meter : with anfwers to objections that probably might bo 
made to it ; and he concludes with a chapter on the neceflity 
of a ftandard for proof, and other practical objeAs of confe- 
qucnce in this buiinefs. 

M. Speer’s own hydrometer confifts of a ball and ftem, with Defenpdon of 
counterpoife beneath as ufual, and the upper or graduated 
ftem is made of an oAagonal form. Upon each of the eight odlagonal ; cask 
faces is engraved a fcale of per-centages ; by infpeAion of^'******^*"^ ^ 
which, the quality of the fpirit is feen. But as the inftrument^em?i^^« 
will fink to different depths in the fame fpirit, according to ratore. 

its 
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Speer on the ' temperature, the fcale upon each of the faces is adapted to 

Hydrometer. a determinate temperature, namelj 35®, 40®, 45®, Sic. tiU 
the laft, which is for 70*. The temperature of the fpirit be- 
ing therefore known, the refult muft be read, upon that face, 
at the top of the which the known temperature is engraved ; 
and to prevent any miftake, there is a fmall index to be put 
on the ftem to dire£l the eye of the obferver to the propeT 
face. And moreover, as the temperature is (hewn only to 
every five degrees, there is another index of a different co- 
lour, which performs the office of a weight, and (hews the 
intermediate temperature. This may alfo be effedted by 
warming the fpirits, by holding the glafs in the hand till its 
temperature agrees with that marked on one of the faces ; or, 
as I underftand from the fpecification of the author's patent, 
the preciiion of a fingle degree, if required, may alfo be ob- 
tained, by four fmall pins to be inlerted, one for each interme- 
diate degree in holes, in the counterpoife below, where in fadl 
they operate as weights of adjuftment. 


On the laft day of this month, Mr. Macartney will com- 
mence a Course of Lectures in t/te Medical Theatre 
OF Saint Bartholomew's Hospital, on the Anatomy qf 
Animals and Vegetables, from which will be deduced the ge- 
neral Dodlrines of Phyfiology, or the laws of Organized 
Matter. 

For Particulars, apply to Mr. Nicholson, at the Apo^ 
thecary*s Shop, St, Bartliolomeiv*s HoJpUaL 




Areet Soh/ 








A . 

JOURNAL 

OF 

NATURAL PHILOSOPHY, CHEMISTRY, 

AKD 

THE ARTS. 


FEBRUARY, 1803 


ARTICLE L 

Anfiver to the Ohfervations of Mr, William Cruickshank 
upon the DoSirine of Ffdogifion *. In a Letter from the Rev, 
Joseph Priestley, L,L.D. F,R,S. 4*c. 


To Mr. NICHOLSON. 

Northumberland, America, Nov» 5, 1802. 

SIR, 


Yesterday only I received the fifth Number of your Introduftory 

valuable Journal, viz. for May, which contains Mr. Cruick- P*”8”P*** 

fhank's reply to my defence of the dodrine of phlogiflon in an- 

fwer to him ; and it gives me fincere pleafure to obferve, 

that he fliews fo much zeal in the defence of his bypothefis, 

as by this means the truth ill appear the fooner*. I only la-^ 

ment, that my great diflance will neceflarily make the con- 

troverfy of much longer continuance than it would otherwife 

be. 


Mr. Cruickfhank cenfures me for mifquoting his words, and Thequoudon 
miftaking his meaning. If I have done fo, I can aflure him 

that it was without defign ; nor do I perceive that what he Rated to be of 

no confequeace 

• Philofophical Journal, 11. 48. tothcariuoiiatK 

VoL. IV.— February, 1803; ^ F alladges 
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' alledges of this kind is of any confequence to the main orgtt« 
ment. On the other btind^ he 6ys» with an air of 

triumph^ but before the vtdory, |hat having additional dif- 
ficulties to flruggle with, I have been under the neceffity of 
adopting new, and fometimes contradictory, opinions, in my 
explanations and defences.^* 

The difcuffion Now I really am not fenfible of any difficulty whatever in 
iled^fficulty!^ this difcuffion ; and in advancing this he feems not to have 
apprehended my fentiments with refpeCl to the calces of me- 
tals. If he was acquainted with my publications, he would 
have found that there was nothing either new, or contradic* 
tory, in what I have now advanced on this fubjeft, or that of 
the compofition of charcoal ; though that 1 have fometimes 
changed my opinions on philofophical as w^ell as other Tub- 
jcCls, I readily acknowledge, and without any feeling of 
fhame. 


Finery cinder 
contains water 
only# For (up- 
on adding phlo< 
gidon) water 
only is feparated. 


The prefent lec< 
ter is confined 
So that objed. 


In my opinion, and that of long fianding, the black calx of 
iron, commonly called finery cinder, contains no oxigen, but 
only water ; and though the calx of zinc, and the yellow calx 
of lead, called mufficot, do contain fome, it is fo little that I 
cannot €lete6l it. Mr. Cruickibank lays, p. 42, that if 
water be the only fubilance contained in oxides, heat alone 
ought at leaf! to revive ibme of them, and that in (his cafe 
nothing but water would be feparated.'* Now what I main- 
tain is, that when finery cinder is revived, (which, however, 
is not done without the introduflion of phlogifton) nothing but 
water is feparaled from it. 

Oxigen is undoubtedly contained in the red calx of lead, 
called minium, and in that of mercury ; but I fay that even 
thefe cannot be revived without the introduction of phlogifton. 
This fubjeft, however, I wave for tlie prefent, wiftiing to 
difpatch that of the air from finery cinder and charcoal before 
we proceed to any other ; and I wifli Mr. C. to attend to the 
following obfervations, which I fliall now ftate more diftinftly 
than I have done before, that it may be the eafier for our rea* 
ders to judge between us. 


Mr. C's theory !• Mr. Cruickfliank’s hypothefis requires that^ inthepro* 
^ cefs of heating finery cinder and charcoal, the oxigen in the 
quitlron toformfinery cinder (hould quit that fubftance, and unite with carbon 
fixed air with in the charcoal, in order to form fixed air. Since, however, 
this fixed air is to be docompofiedby iron, the-oxigen which it 
STiSoVder 4 .has 
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got from tbe finory cinder muft be feparated from ^Wch^ 

enftcr into the feme cal)c again. Bui while the heat continues 
the fame« 1 deem thefe contrary effeds to be impoffible. Ifat the lame heicsi 
the degree of heat that is applied expel oxigen from the calx, 
it will certainly prevent its return. Confequently, if fixed air 
be formed, it cannot be decompofed in thefe circumfiances. 

2* If it was poffible for oxigen to be feparated from finery Carbon being 
cinder without ^ny thing entering into it, which I think 
not be done, it could not, according to the new theory, form compoaifd with 
any thing by its union witli carbon befidcs fixed air ; this be- 
ing fald to be carbon diflblved in oxigen gas, but nothing in- concluded that 
flammable could be produced by their union. Of this Mr. no inflammable 
Cruickfhank is fenfible* and therefore he was under the 
ceffity of fuppofing that, after the oxigen had quitted the finery finery cinder } 
cinder, it muft enter into it again. But if this were ^ 

nothing would remain of the fixed air but carbon, as before that 
union ; and this is a folid fubftance, incapable, without the 
aid of oxigen, of afluming the form of air. Whence, then^ 
comes the inflammable air in this procefs, which fo nearly re- 
fembles that from charcoal and water, that they mufi have 
the fame origin ; and with refpe^t to this, Mr. Lavoifier de- 
cides, that whatever is inflammable in it muft come from 


water. 

3. Admitting all that Mr. Cruickfhank alledges concerning The mflamma- 
the difference in fpecific gravity, and other circuinftances, be- 

tween the air from finery cinder and charcoal, and that from that obtained by 
water and charcoal, it is not fo great as the difference between <^harcoal and 
the latter and the light inflammable air from the metals withox?dcbutacom! 
acids or water. Different as they may be in other refpefls, buftible. 
they are all inflammable, and have the common property of 
uniting with oxigen in a certain degree of heat ; in confe- 
quence of which they are the reverie of oxides, and muft ba 
claiTed with combvJHble fubftances, equally witl^ fulphur and 
phofphorus. 

4. If the oxigen, after quitting the finery cinder, entered The oxigen doos 
into it again, it would make it finery cinder as at (he 

or at leaft in fome degree ; whereas the calx is completely re- for the iron it 

vived in this procefs, the iroafo revived being as folable 

f / , tjnuti fo. 

acids as any iron whatever. 

5. If the iron fbould be completely re;yived by the ox%en Iron cannot de* 
wholly leaving it, I ftill maintain that it could not, by 2r?^Mr^ ct 

F2 degree eipcrimektlyft 
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icclfivc than ' degree of heat decompofe fixed air. , For my experiment with 
of the au- ^ burning km, in which it could not be done, h far more un- 
exceptionable than Mr. C^UJckll^gnk^s with bladders rtrfd a 
gun barrel. His objection to my. procefs has no weight. It 
was made with a few ounce meafures of the air over mercury, 
with a lens fixtecn inches in diameter, and continued feveral 
hours, generally from ten oY-Iock to one ; fo that no particle 
of the air could efcape being expofed to a far greater degree 
of heat than could be communicated through a gun barrel. 

' His experiment I have frequently made both in England and 
here, but could never be falisfied with the rcfiilt. The fcale 
upon the iron, I have no doubt, came from moifiure in the 
air, or from the bladders. Indeed, I cannot think that any 
pciTon converfant as I have been-with both thefe modes of 
operating, can licfitate in deciding that the preference mu ft 
be given to mine. 

Charcoal in- 6. Mr. Ci uickftiank feems to think that charcoal cannot 
oxigen ; but Mr. Tenant's fine experiment deci- 
Tenant's expe- fively proves tliat it docs. For where are we to look for the 
riments^ oxigen (which we all acknowledge to be a component part of 
fixed air) which is feparated from the marble, but in the char- 
coal which is produced, and in that it makes part of a folid 
fubftance, and does not take the form of air. 

If oxigen exifted 7. Since oxigen and all combuftible fubftances unite, and 
U o^ghuo pt-V- 21 certain degree of heat, the oxigen that is cx- 

duce the phe- pelled from the finery cinder uniting wdth carbon from the 

xiomena of com- ^vhen red hot muft enable it to burni and therefore 

buftion in char- , , , , - 

ooal. in thele cjrciunltances there ought to be an explolion, or at 

leaft a gradual combuftion of them in the courfc of the pro- 
cefs, as there is when oxigen is put to the fame fu6ftance, 
and heated with it afterwards. 

It is now near twenty years fince this new theory was ad- 
vanced, and f»'oin that time to the prefent 1 have not ceafed 
to exprefs my opinion of its fallacy, and to give my reafons 
for that opinion ; *biit I have not till very lately been able to 
draw any degree of attention to the fubje^. Now, however, 
I am happy to have fucceeded in this ; and as I find that the 
chemifts in France, the great patrons of the fyftem, look to 
Mr. Cruickfhank as the ableft defender of it, I earncftly with 
that he would undertake the difeuffion of every article of my 
objections to it. What he has animadverted upon is only one 
2 , out 


Invitation to 
Mr. Cruick- 
fhank to enter 
into a full dif- 
ouflion of the 
new theory. 
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CMjt of articles in py TraSi on PMngifton; and befides 
this, he fliotild conlider wljat I have advanced on the fame 
fulyedl in other publications, efpecially my experiments on the 
generation of air from water, both by evaporation and by 
freezing, and thofe on the pile of Volta, and alfo feveral ar- 
ticles in the Tranfadions of the Philofophical Society at Phi- 
ladelphia. 

As to the manner in which a controverfy of this kind is 
conduced, whether it be expreffive of reJpeSit or contempt, it 
will have little weight with a judicious reader. Preferring 
however a plain and calm difeuffion, 

I am. 

Dear SIR, 

Your’s fincerely, 

J. PRIESTLEY. 


I.. .1 fc 


II. 


The Conjiru&ion qf an Apparatus for condu&ing Sound and hold’ 
ing Converfations at a Diftanoe. In a Letter from Mr, 
EzbKiLC Walker. 


To Mr. NICHOLSON. 

SIR, 


Some 


of the moft important invenlions were at firll made Several very inif. 
ufe of, ^either as playthings for children, or in exhititions ^o 
amufe the populace. fira confidcrei 

Printing, which has contributed more to the improvement 
of the human mind than any other art, was invented for amufe- 
ment, and the inftru6Iion of children *. But The true value 
of an invention is not immediately feen, it has to go through a 


long feries of improvements, before it arrives at a degree of 
perfe6lion that is important to fociety. 

The loadflone was long known to jugglers, and ufed byEffeasofihe 
them in their exhibitions, before it was applied to the impor- 
tanl purpofe of navigation : and how far the improvements in 


• Hiilory of Holland by Adrian Young. 

mechanics. 
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mecliaiiics, optics^ and acouflics, which are now ekliibitinj[ 
for amufement, may hereafter become ufeful in the fcoroihon 
affairs of men, is a matter on which we are not at prefent able 
to judge. 

Phantafms by The daggers and death-heads which are made to appear in 
fcurrbcWnd z of a concave mirror ; and the ghofts and 

fcrcen. goblins, that are conjured up by means of the magic lantern 

of Philipfthal, not only ferve as amufement, but they may con- 
tribute to check the growth of fuperfiition, by (hewing in an 
agreeable manner how eafy it is to impofe upon the fenfes. 
Speaking ma- Another way of deceiving the fenfes, is by fpeaking ma- 
chinci. chines. Thefe are of very ancient date, and have been (b 

much improved by the moderns, as to attrad much attention. 
One by Thomas No longer ago than the reign of Charles II. one Thomas Irfon 
17th century, excited much wonder in the king and his whole court, by a 
machine of this kind It is now well known that the found 
was conveyed to the mouth of the ftatue by means of tubes 
artfully concealed ; but the principle on which the fpeaking 
machines are now conftrufled, appears to be at this time very 
little underftood. 

known in the days of Pliny, that if a long beam of 
* limber received a flight ftroke at one end, the found was dif- 
tindlly heard by a perfon whofe ear was applied to the other 
end, though it could not be heard at the fame diftance through 
the air. 

This property From the following experiments which I made on this pro- 
fpcakhig^appa- wood, it appears that acouflic inftruments may be 

xattia* conffru^d for converfing at a diftance, without the affiftance 

of tubes to convey the found. 

♦ ^ 

EXPERIMENT 1. 


A deal rod i 6 
feet lorffe was by 
eontadt made the 
medium be- 
tween two 
trumpets. 


I took a deal rod 16 feet long, and about an inch fquare, 
and after having fixed one end of it into the fmall end of a 
fpeaking trumpet, I laid It upon two fupporters or props in 
an horizontal pofilion. One of the props was placed under 
the trumpet,' about three inches from its wide end* and the 


other prop was placed near the other end of the rod. An- 


other fpeaking trumpet was then laid Rcrofs the rod, about 


three inches from the end. The wide end of this trumpet 


f BeckmaAn'*8lliAory of Inventions, 11I.'334. 
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^reAed upon the rod» bat the other end vras fofpendcd by a • 
ribbeiid, from an objed (vrhicb need not be defoibed. 

After the apparatus bad been prepared as above mentioned^ Sound was con- 
I introduced my watch into the end trumpet, and on applying 
my ear to the crofs trumpet, I heard the . beats much louder this apparatus, 
than if the watch bad been at the difhince of a few inches 
only. The found appeared to come out of the crofs trumpet, 
although the watch was at the didance of fevenlecn feet and 
a half : and when the watOh was laid into the crofs trumpet, 
it was heard equally well at the end trumpet. 

It may not be improper to mention, that the found was ih- 
creafed by introducing a piece of metal, between the crofs 
trumpet and the rod upon which it reded ; but the manner of 
producing the bed I found by trial* 

EXPERIMENT 2. 

I placed another prop under the middle of the rod, and laid B^ies mcontidt 
feveral books upon it in different places: but the rod con- 

J iU r /• /I n 1. f pn^tiit the 

veyed the found jud %s well as before. effeft, 

EXPERIMENT 3. 

My affidant in thefe experiments being feated at the end ConrerfatSen 
trumpet, and myfelf at the other, a converfation took place paffing^hrough 
through this apparatus; but in whifpers too low to be heard the rod both* 
through the air at that didance. The converfation afforded a^whif- 
us much entertainment ; for when the ear was placed in a 
pertain pofition, the words were heard as if they had been 
^oken by an invifible being within the trumpet. And w^hat 
rendered the deception dill more pleadng, the words were 
more didinfl, fofter, and more mufical, than if they had bedli 
Ipoken through the air. 

SPEAKING MACHINES. 

• 

What I have to fay on this fubje^l, mud be fo far antici- ufeful purpofet 
paled by thefe experiments, as to render any particular dc- 
icription of mine unneceffary. It inay not, however, be im- 
proper to mention my conjedtures, refpeding fome ufeful 
purpofes to which this acoudic indrument may be applied. 

If a communication founded on thefe principles, were made * 
between a (hop and the dining room, or warehoufe, it might 
contribute to the difpatch of bufinefs: aiid inilruTuents made 

on 
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ON THE GEAVB HARMONIC^. 


< on the fame principles might, perhaps, be found convenient, 
in private houfes, if introduced betdreen the parlour and (ome 
other room appropriated to the ufe of domeftics, Diredions 
might then be given to a fervant without his entering the 
room, and in whifpers too low to difturb the company, 

1 am, 

SIR, 

your's refpe6lfully, 

EZEKIEL WALKER. 

Lyrm Regis, Jan, 19 , 1803 . 

ERRATA. 

Vol. IV. p. 40. in the firft col. of the table, for i, z, 2, 4, nod 1, 2, 3, 4. 
P. 43. line 12, for bng read large. 

P. 43* line 1^9 for, In tliia manner, read Thva» 


III. 

Objervations in Reply to Mr. Gov on's Letter on ike Grave 
Harmonics^. In a Letter from Tnouixz Young, ili. jO. 
F.R.S. 4*6*. 

To Mr. NICHOLSON. 

S I R, 

It is the opinion At length Mr. Gough has accepted my invitation, and has 
of Lagrange that phenomena of the grave harmonics. Thefe 

monies are not founds, he thinks, are merely mental and imaginary ; I fup- 
thercfultsof (hem real and material ; Lagrange, whom I have already 

® ‘ quoted, is of the fame opinion ; and while I have the autho- 

rity of a man who is allowed to be either the firfl or fecond 
phyiical mathematician in Europe, I (liall be very unwilling 
either to dKbelieve my ears, or to confefs that Mr. Gough has 
convi6led me of error. 

Developemeiit To (hew that I have not advanced a theory fo neW as Mr. 
of the t^ory by Gough h^s deemed it, I fhall quote a palTage from the filrft 
'' volume of the Mifcellanea Taurinenfia. We have feen,*^ 
(ays Lagrange, that the particle of air which is found in a 

* Philofophical Journal, IV. page 1. 

place 


HARMONICS. 

where two founds meet, receives an agitation different 
from (hat which is |>roduced by each found ; if therefore the ' 
founds are of fuch a nature that their* vibrations coincide al* 
ways after a certain given time, the contipued and regular 
imprellion of tbefe compound agitations may be diflinguifticd 
from the fimple agitations, and an ear fufficiently exercifed 
will hear a third found, of which the relation to the others 
may be found by comparing the number of feparate vibrations 
that each of them completes between two fucceffive coinci- 
dences," p. 103. And the compound agitation may be 
conveyed to the ear in an infinite number of — fituations." 
p. 104*. We have already fpoken of the beats of Mr. 

Sauveur, and we have feen that they correfpond exa6lly with 
the coincidences of the vibrations ; there is therefore every 
reafon to believe that they are formed in the fame manner by 
the meeting of two founds. And it is probable that the third 
found of Tartini is only produced by a feries of thefe beats." 

P. 105. 

Were the conteft tcfbe decided by authority, it is probable if* the grave har- 
that your readers would prefer that of Lagrange to Mr. 

Gough’s and mine united : but we have no occafion for any parifonj unirms, 

thing more than reafon and experiment. If the mind 

capable of making up a found in the way that Mr. Gough each other, 

fuppofed, we ought to hear, whenever the impulfes of 

found bife6l either accurately or very nearly, the intervals be-butif theyii^lt 

tween the impulfes of another fopnd, an imaginary note, an coaiefccnce 

o£lave above the feparate founds: if, on the contrary, t°hc foundsmuft 

opinion is true, we mull conclude that the retrograde motions here deftroj 

of the one will counteract the direCl motions of the other, and*^**^^ 

that both the founds will be deAroyed. 

Happily the point thus at iffue may be determined by a Experiment to , 
very Ample experiment ; we have two founds Aanding in this 
relation, in the intervals between the beats of two muAcal tains ill nature, 
chords tuned very nearly in unifon. And if we lillen to a 
grave found which beats very (lowly, while it is dying away, 
we Aiall obferve, that in the interval of the laA and fainteA 
beats, when the found is leaA mixed by reflexions an4 irre- 
gular propagations, the note, inAead of rifing to the oXave, 
is wholly loA. 

I confefs with pleafiirc, that Mr. Gough's explanation of The perception 
the refemblance which I have pointed out between the per- ^ 

ception fork held be- 
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n 


wilTbclittendS * ***^''® harmonic, and Jhe fenfation of a ringing )r 

with t beat Sr ingenious and probable ; and I can mention a fin- 

another found gular experiment in confirmatton of his opinion. If a tamng 
trwifmittcd^" ^ faintly vibrating, be held between the teeth, and a found ^ 
through the air t i^^arly approaching to the fame note be tranfmitted throagh 
the air, the beating will be nearly as diilin^ as if both founds 
ftrred^theVui*"* through the fame medium. From this circumfiance, 

mate dircaion however, I only infer that all founds enter the ultimate organ 
of all founds is of hearing nearly enough in the fame direction to produce ah 
nearly the fame, intenfion and remhfion. 

The grave har. j allow that fuch a found differs from primitive founds in its 
from primitive "^ant of appropriate direction, and in its mode of propaga- 
b° uh* * Batfha in T unquin neither comes from 

real than com- ** *** much a real tide as the 

pound tides, Sec. grave harmonics are real founds. If any perfon (hould infift 
that the phenomenon is not a tide, but an alternate elevation 
and deprefrion of the water only, and that it exifis only in the 
fenfations of the obfervers, and not in the fea, I (hould be 
very little difpofed to enter into arguments with him on the 
fubjedl. 

^©"e^vehides* refpefi to the communication of my remarks to the 

Sr^inofophical Manchefter Society, I beg leave to reply, that if I thought a 
paper of permanent importance to the extenfion of fcience, I 
vinciaiMe^lrs. confider myfelf as bound by my duty to the Royal So» 
Journals. ciety and to pofterity, to ofier it for inferiion in the Philofo* 
phical Tranfadtions ; but if jit were of a mere fuperficial and 
temporary nature, I fhould think it fufficient to publiih it in a 
refpedbble literary Journal. I do not mean any difrefped to 
provincial focieties, but many papers have appeared in the 
volumes of the Manchefier Memoirs, which would perhaps 
have been more fuitably placed in thofe of the Philofopbical 
Tranfadlions. 

• Your obedient, 

humble fervant, 

THOMAS YOUNG. 


Jan, K), 1803. 


IV. Experimsnti 



OK THE FdWM 0»«tvias Td COKfiVet tlBAf. 


IS 


Experiments and Ol^fervations on the Power qf Fluids to condutt 
* Heat; with Reference to Count Run{ford*s Seventh Ejfapon the 

fame Sul^eS. Bp John Dalton* 

{Concluded from Page 58.) 

Count Rumford^ principal experlmenls are thofe in short rectpUn- 

which a cake of ice wai confined on the bottom of a cylin- 

drical glafs jar, of 4.7 Inches in diameter, and 14 high, and periment of ice 

water poured upon it of different temperatures fuffering ft to^t the bottom of 

(land, without agitation. He found that about 6lb of boiling 

hot water melted little more ice than as much water of 41^ ; 

and that by making fuch allowances as the experiments Teemed 

to warrant for deduftions when hot water was ufed, water of 

41^, or 9® above the freezing pointy melted quite as much, 

and often more, than t^e hot water : From which he infers, 

that water, and by analogy all other flaids, do not tranfmit 

heat in the manner that folids do, but circulate it folely by the 

internal motion of their particles. 

The exiftence of this internal motion he has proved de- The internal 
Cidedly ; that water of a certain temperature being of the 
eft deniity, will always take the loxveft place, and water either 
warmer or colder than that degree will afeend. This degree 
of greateft condenfation 'he takes en the authority of others at 
40® ; it appears however from the experiment related above, 
to be ftill more favourable to his pofition, namely 42|^ : and 
that water of 32^ muft afeend till it comes to water of 53®, if 
it be not cooled in its progrefs,' which circumftance he admits. 

Upon confidering'the fadls related in his experiments there- Confidcration of 
fore, there are t/trec caufes which fuggeft themfelves as 
fpiring to circulate and diffufe the heat, by which the ice is 
melted. 

1ft. The internal motion of the liquid, by which water of i* Cold water it 
32^, incumbent upon the ice, is perpetually afeending into 
warmer region of 53®, and warmer water of 42|® defeendingand warmer of 
to take its place. 4^4^ defeends. 

2d. The proper conducing power of the liquid indepen- 2 . The fluid it- 
dent of internal motion, ? 

, dudt. 

3d. The 



3. The gTafs it- 
fc!f may c^n- 
piobahly 

little. 


7U eM T|i« ppivhu or I'turDs heat, 

3d. The condu^ling power of the glafsjar. But as gJdfs is 

known to be a very bad condu£lor of heat, it can produce no 

material effedt in thefe experiments ; for which reafon Count 

Rumford does not appreciate the third caufe. ^ 

Count Rumford With refpe^ to the operation of the firft caufe, it wiH ge- 

^ta'coid fluid fuppofed that told water rifing into warmer and -re- 

riiing into a maining with it, the heat is impaired, and the two reduced to 

warmer can cool ^ common temperature. But Count Rumford does not admit 

’ of this communication ; he maintains, that the two Hill retain 

their proper fliare of heat, notwithftanding they are mixed 

together. This h^pothefis of his is of no peculiar confequence 

as far as refpeffs the efFtd of the internal motion ; for the tern. 

peraliire indicated by a thermometer immerfed in an equal 

mixture of water at 32® and 53®, would be the fame as if the 

water was uniformly of the temperature 42J®. But it has 

whence it would matei lal confequences in other refpe£ts ; for, if it be admitted, 

follow that heat ^ annihilates^ the ftcond caufe abovementioned, and it would 
cannot by trani- „ . , , , , . 

miffiondown- follow that v^arm water being put upon cold water above the 
temperature of the heat could riot in any degree be pro- 

pagated downwards, unlefs by agitation, and even then, upon 
lubfiding, the warm part ought to rife to the top, and the 
cold fall to the bottom. 

Thefe pofitions are fo manifeflly contradidlory to common 
opinion, that they cannot be received without proof. But 
Count Rumford has n«t given us a Tingle experiment to prove 
them. It Teemed necellary^therefore^ to clear up this point by 
dired experiments. 


Wdrds throw 
water above 


He has not 
proved this by 
experiment. 


Examination by 
£xper. i> Hot 
water poured 
upon cold air in 
agUfs veflel, the 
upper part gra- 
dually cooled, 
and the lower 
heated. 


Experiment 1. 

Took a large tumbler glafs, 3| inches diameter, and five 
inches deep, and filled it half way with water of 51®, then 
gently filled up the reft by means of a fmall fyphon, with wa» 
ter of 88® ;^a thermometer, with its bulb and ftem detached 
from the frame, being previoufly immerfed to the bottom. 
The temperatures at the top and middle were had by gently 
immerfing the bulb of another thermometer into the water. 
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Time 


TEMPERATURE 


elapfid. 

' at top. 

in the middle. 

at haHtoM, 

— 

889 

— 


5 min. 

85 

— ■ ■ 

51* 

12 

83 

75^ 

56 

18 

80 

72 + 

68 

30 

76 

_ 

60 

40 

73 


61 

30 

70 


61 

60 

69 

— — 

61 


(Air in the room 50<^.) 


Experiment 2. 

The fame as before ; only a circular piece of vvoO(l floated Exp. 2 . The 
upon the furface of the water, on the centre of which the 

* . precaution. 

Itream of the fyphon was diredled to prevent the current 
downwards. 

(Air^in the room 55^.) 

TEMPERATURE. 


Time, at top, at bottom. 


Before the water was poured on . . . 

56^ 

— 

116® 

56 + 

10 min. 

105 

56\ 

20 

92 

57 — 

30 

85 • 

57} 

40 

80 

57' 

jO 

77 

58 + 

1 h. -- 

75 

58^ 

— 10 

72| 

58| 

— 20 

70 

59 — 

— 30 

67 

58| 

— - 40 

65 

59^ 

— 50 

63 

58 

2 — 

62 

58 — 

' — 15 

61 

571 

— 30 

59\ 

57 

3 — 

51\ 

56 (Air 52®) 

5 — 

53t 

53 Do. 

A fimilar refalt w^as 
following. 

obtained in 

a different way by the 


Experiment 
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Experiment 5. 

Exp. 3 . The Took an ale glafs of a conical figure, 2 f inches in diameter 

water heated by ^ inches deep ; filled it with water that had been ftandhig 
red hot iron } in the room, and confequently of the temperature of the air 
bcLme — Put the bulb of a theimometcr to the bottom of the 
ter/ glufs, the fcale being out of the water : Then, having marked 

the temperature, I put the red hot tip of a poker, half an 
inch deep into the water, holding it there fleadily about half 
a minute ; and as foon as it was withdrawn, I dipt the bulb of 
a fenfible thermometer into the water about } inch, when it 
rofe in a few feconds to 180*. 


TEMPERATURE 


Time. 

at top. 

middle. 

bottom. 

Before the poker 

was iramerfed . 


47* 

— 

180® 

— 

47 

5 min. 

100 

60^ 

47f 

20 

70 


49 

1 h. — 

55 


52 


Thefe experiments all evidently agree in proving water to 
have a proper conducting power, independent of any internal 
motion. It furely will not be faid that any flight motion una- 
voidably made at the beginning of an experiment, could con- 
tinue with a powerful effeCt for upwards of an hour. How- 
ever, to determine this n^atter, 1 made the two following 
experiments. 


Experiment 4. 

Exp. 4* Co- Took the glafs tumbler of the firft experiment, and filled it 
heated b water, deeply tinged with archil ; then filled 

colourlefs water with clear warm water, as related in the 2d experiment, 
teftingupoii it, Xhe upper Jialf was but jufl perceptibly tinged by the procefs 
wi^ut mix- uniformly fo 5 it remained for an hour not vifibly altered 
in this refpeCl, though by frequently putting the bulb of a 
thermometer down to the middle, the colour at lafl rofe in a 
fmall degree. 


(Air 
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{•Air 45“) 

TEMPERATURE 


at top. 

Before the warm water was poured pi 

middle. 

a . . . • 

bottom, 

44<» 

Time 

i05? 

— 

— 

7 min. 

97 

— 

47+ 

17 

86 

— 

43 

Q7 

79 


49+ 

9^ 

75 

68 

50 

47 

70 

66 

50+ 

57 

66 

62 

51| 

rh. 7 

60 

62 


— 17 

604 a 

59 


~27 

59 

— 

5l| 


Experiment 5. 

A glafs tube near an inch in diameter^ and 16 inches long, Warm coloutea 

tvas half filled with a coloured folution of common fait in wa-^* 

was cooitti oy 

ter, warm ; a fmall thermometer was wholly immerfed in it, cold fnib water 
and cold clear water carefully poured upon the whole fo 
to fill the tube ; the colour afcended very little, and continued ture. 
invariable after the procefs of filling. The warm folution was 
of courfe made of greater fpecific gravity than the cold water. 


(Air 45®) 

TEMPERATURE 



at top. 

bottom. 

Time. 

45’ 

9 

00 

5 min. 

53 

79 

10 

53 

74 

21 

52 

69 

51 

51 

66 

45 

50f 

• 64 

58 

50 

61 

. 31 

49 

56f 

30 

47 

51 

55 

47 

50 

15 

— 

49 

5 

46 

48 


To 
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To determine whether hot and cold water being fuddenly 
mixed, and agitated, the hot would afterwards rife to the top, 
was the objeft of 

Exj^criment 6. 

Exp. 6. Hot Air in the room 50®. — About | pint of water of 130° was 
beingtnixtMid ^ tumbler glufs, and immediately after as 

not afterwards much water of 50®; the mixture was agitated for half a mi- 
fepsratc, ^ which an immerfed thermometer 

flood at 85®, both at top and bottom ; it was then fet by in a 
flill place for examination. 


TEMPERATURE 


Tme. 

at top. 

bottom. 

15 min. 

77^0 

77« 

30 

73 

72| 


68 • 

67| 

1 h. — 

6i.8 

64,6 


From all which From all thefe experiments it is evUSent, that water has a 
dVd^to be a^prol P^^^P^*^ Conducing power : In the lad experiment, if the par- 
per conductor, ticlcs of water during the agitation had not aftually commu- 
nicated their heat, the hot ones ought to have rifen to the 
top, and the cold ones fubfided fo as to have made a material 
difference in the temperature. It is, however, equally evi- 
, dent, that water is a bad condudtor of heat, probably as it is 

of electricity ; the defeent o/ the ' heat in the fecond experi- 
ment is wonderfully flow; a flight agitation for one fecond 
would do as much to induce the equilibrium as (landing dill 
one hour. In repeating the third experiment, in a wine glafs, 
I have fcveral times known water \ an inch deeper to differ 
50* in temperature from the incumbent water. 

We mud conclude, therefore, that the quick circulation of 
heat in wat^r over a (ire/ &c. is owning principally to the in- 
ternal motion excited by an alteration of fpecific gravity ; but 
not Jblely to that caufe as Count Rumford has inferred. 

If it be proved that water conduCls heat, it will fcarcely 
be neceffary to prove, that other fluids conduCl it, and that 
they communicate it one to another ; — ^The two following 
experiments flievv that mercury conduCls it, and that water 
and mercury rc( iprocally communicate it. 

Experiment 
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Exptrinmt 7. 

Took a cylindrical glafs tube^ of 1 inch internal diameter^ Exp. 7. Hot 
and put 1 1 inches in depth of mercury into it, and immerfed g* f®^**** 
the bulb and Item of a thermometer to the bottom, the fcale hcaSdit/^^ 
as ufual being above the liquid ; then put 2J inches of warm 
water upon it by a (yphon, and let it (land without agitation. 


TEMPERATURE. TEMPERATURE. 



Merc. 

^ Water. 

Time» 

Merc, 

Water. 

Time, 

56^ 

122 

14 m. 

74P 

92®^ 

3 m. 

70 

118 

19 

73 

87 

6 

73 

110 

27 

71 

78 

11 

75 

100 





Experiment 8. 


Into a tumbler glafs, 2\ inches in diameter, poured an inch Exp. 8. Cold 


in depth of mercury, and heated it to 1 10® ; upon which was 
poured an inch of water at 50®, and then kept ftill. Seated^* 


TEMPERATURE. 


Merc. 

Water. 

Time. 

no® 

0 

0 

4 min. 

74 

70 

8 

71 

704 

10 

. 70f 

70 


Finding that water was fo bad a condu^or of heat, 1 was 
defirous to learn how ice would condudl it, and tried it as 
follows. 


Experiment 9. 

Feb. 9th. Out of a mafs of ice, by means of a hot iron, I Ice, tnunerfcd 
fhaped a cylindrical piece, 3 inches in diameter, and inches 
long, clean and pure; its weight 17 ounces. M^de a fmallturei coadufted 
round hole at one end, one inch deep, and the fize of a 
mometer bulb, which was inclofed in it. The other end of th^n water, 
the piece was put into a bafon of fnow and fait, to the depth 
of from f to^l I inches, the temperature of which was kept 
below 10® for hours. Air 37*. 

•Therm, in the Therm, in the 

Time elapfed. liquid. ice. 

5? 32» 

]| h. at a medium 7 3]f 

Voi. IV. — February. 


G 


N. B. 
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N. B. This defcent of half a degree was gradual^ but did 
not commence till long after the beginning of the experiment. 
After this the piece of ice was inclined to one fide, by which 
nearly one half of it was immerfed in the cooling liquid, and 
the inclofed bulb of the thermometer was now not more than 
an inch from the cold mixture. 



Therm, In the 

Therm, in the 

M. 

liquid. 

ice. 

30* 

It® 


20 


28 

50 

22 

Ice along with the 
therm, flipped down 
into the cold liquid. 


H, 

1 

2 

2 


Tlie ice now weighed 12| ounces : the reft had been liqui- 
fied by the operation of the faline liquor. 

This experiment, I think, decidedly proves that ice 'is a 
worfe conductor of heat than water : indeed this is not won- 
derful ; for it is faid, that ice at a low.temperature becomes 
an ele6lric. 

It Is certainly a remarkable circumftance, but not at all in- 
confiftent with the known laws of heat, that in a mixture of 
hot and cold liquids, the uniform temperature (liould be fo 
foon induced by agitation and fo flowly by reft : but when we 
confider, that in the former cafe, hot and cold particles are 
brought together, and that in the latter there is a feries of 
particles one upon another, gradually rifing in temperature, 
but differing by infenfible degrees, we (hall not wonder at 
the fadls. When any one particle of water, or any other bo- 
dy, has one above it, warmer by an infenfible degree, and 
another below it, colder by an inlenfible degree, its power to 
tranfmit heat muft be very final If. Thefe confiderations 
gave rife to the two following experiments. 

Experiment 10 . 

Cxp. io. An A mercurial thermometer was taken, its bulb •A inch in 

rial tihclmomctcr diameter, and hanging clear of the fcale : it was heated by 

expo&d to air, the flame of a candle to 600 ^, and then laid upon a table with 
gave out moft 

Ae hlgteVtem- * ** beginning of th« experiment, 

peraturei, t ^i^l not this argument apply to folids univerfally ? contrary 

to fait. Ni 

the 


Mixture is much 
mot^ effe^ual 
for equalizing 
temperature, 
becauie hot and 
cold particles 
are brought to- 
gether. 


The gradual dif- 
ference of tem- 
perature renders 
water a bad 
condudlor. 
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tlie bulb proje^ing ovfer the edge, and was thus left to cool 
by the mere operation of the air in the room, which was 52^. 

The following is the medium refult df two experiments, 
which, however, agreed with each other almoft in every 
obfervation. 


Time. 

Temp. 

Time. 

Temp. 

0 

600® 

18 half m. 

66^ 

1 half m. 

450 

19 

64 

2 

350 

20 

62 

' 3 

280 

21 

60 

4 

229 

22 

59 

5 

195 

23 

58 

.6 

168 

24 

57 

. 7 

145 

25 

56 

8 

128 

26 

55 

9 

J15 

27 

54 

10 

104 

28 

53 + 

11 

95 

29 

53 

12 

«88 

SO 

53 

13 

81 

31 

53 

14 

77 

32 

52+ 

15 

73 

33 

52 

16 

69+ 

Air in the room 

52 

17 

68 




Experifncnt 11. 

Another thermometer, having p. iimilar bulb, but a fcale 
with much larger degrees, was heated and cooled in the fame 
manner. 


Time. 

Temp. 

Time. 

Temp. 

— 

85^ 

16 

56.3^ 

1 half ro. 

79f 

17 

56i 

2 

75 

IS 

S6 

3 

71 + 

19 

55.9 

4 

68| 

20 

• 55.7+ 

5 

664 

641 

21 

55.6+ 

6 

22 

55.5 

7 

63 

23 

55.4 

8 

61| 

24 

55.3 

9 

60 

25 

55.2J 

10 

59 

26 

55.2— 

11 

584 

27 

53.1 + 

12 

58 

28 

55.1— 

13 

57J 

29 

55.+ 

14 

57 

30 

55 

15 

56.6 

( 

• 

jr 2 

In 
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ON THB Fowen. or fluids to conduct heat. 


Argument from 
the Count's own 
experiments. 

No water but 
that below 53® 
could defeend 
totheice, and ^ 
confequently this 
only would be 
cooled) and the 


In thefe experimenU we may confider mercury, and 
mixed together of unequal temperatures, with a thin partitiop 
of glafs — and from the laft we may conclude, that the thermo- 
meter imparted to the air 40 times more heat in half a minute, 
when its temperature was 30*^ above the air, than when it 
was only 1 • above it. 

We thall now advert a little to Comit Rumford’s experi- 
ments. It will eafily appear, that arguing fairly upon his own 
hypothefis he can never account for the phenomena obferved : 
for, hot water being poured upon ice, an internal motion 
would take place near the furface of the ice, by which a flra- 
tum of water of a certain thicknefs would be reduced to 32®, 
and then all farther redudion of the ice muft ceafe ; becaufc 


fuAun of the ice 
would then 
ceafe.— Con- 
trary to faft. 


Explanation 
from the known 
fa^s. The ice 
is fufed (1) by 
the proper con- 
ducting power 
of the water } 
and (2) by its 
motion. The 
Aril's as the 
heat, and the 
fecond dinii- 
nifties 111 fome 
unknown ratio 
as the temper, 
differs from 
4»i° 


l^ater at 42 p 
appears to fufe 
(chiefly by its 
motion) nearly 
the fame as wa- 
ter at 190^ 
(chiefly by its 
heat.) 


all the fuperincumbent water being above 53® would be lighter 
and could not defeend to the ice. But this is quite contrary 
to what took place. The fads, however, will admit of a 
fatisfadory explanation upon eftablilhed principles. 

By experiments 10 and 11, it appeals, that the quantity of 
heat given out by a body, during any fmall given portion of 
time, is nearly as the excefs of the temperature of the body 
above the cooling medium. Hence, then, we may conclude, 
(hat the effed of hot water upon ice ariling from the proper 
conduding power of water, will be nearly as the heat of -the 
water. What effed the other caufe may produce, it will be 
difficult to determine from, theory: experience will be the 
befl guide. One thing, however, appears pretty certain, 
that its effed muft be a maximum, when the temperature of 
the water at large is 42|® j^ecaufe then there can never want 
a determination of the particles doxvntvard to fupply the place 
of the lighter water of 32® afeending. If the temperature of 
the water exceed 42f then the effed of the internal motion 
will be Icfsi diminifliing by forae unknown ratio. As far as I 
can judge from Count R^s experiments, the joint effeds of 
thofe two caufes fhould be nearly the fame with water of 42^ 
and water of 190®. Taking this, therefore, for granted, we 
ftiall be enabled to (ketch a table of the values of thefe two 
caufes for every 1 0® of temperature. The numbers exprefting 
the eff’ed of the proper conduding power, are derived from 
the 10th experiment, and confequently are not purely hypo- 
thetical: thofe expreffing the other effed, except 42® and 
192®, are put down hypothetically, becaufe the law of de- 


creafe has not beet! afeertained. 


4 


It 



ON THE POWER OF FLuTdS TO CONDUCT HEAT. 

It is to be fappofed, thjt a given quantity of water, of the The refults 
fevera! temperatures mentioned, is carefully poured upon a ^ 
cake of ice at the bottom of a cylindrical glafs jar, and flands peraturei. 
without agitation for a given time, as half an hour ; then the 
proportionate quantity of ice fuppofed to be melted by the 
two caufes feparately are'iiated in numbers, and then the 
fums are taken to exprefi the joint efFe^ls. 


Temperature 
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caufesi 
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After what has been* faidi I need not caution my readers 
not to confider this table as accurate. The principle of it, 
however, cannot I conceive be difproved : that the operation 
of the conducing power muft be proportionate to a feries of 
numbers beginning from 0 at 32^, and gradually increafing in 
fome ratio with the temperature above 32^, cannot, I think, 
be controverted ; and that the operation of the internal mo« 
tion muft begin from 0 at 32®, and increafe till it arrives at 
its maximufA at 42|®, ' and then decreafe again ever after, is 
alfo, I apprehend, unqueftionable : thus, when the jar had 
water of 42®, in Count R*s experiments, this internal motion 
muft have had a range of 8 inches in depth ; whereas, when 
hot water alone was ufed, it had not more than ^ of an inch 
to range from the temperature of 32 to that of 53®. 

The following table exhibits a cpncife view of all the mate- Table of thera* 
rial varieties of Count Rumford’s experiments, with their re- deties of the 
flints. 


Experiment 
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METHOD OF EXAMIKINO DISFIESIVE FOVFBRS. 8^ 

Count Rumford aitenfpts to explsun why there was lefs Remurks. 
ice melted in fuch experiments as the 451h than in thofe like 
the 39th« and attributes the diminution of the etfeA to the de- 
fcending currents, occalioned by the cold mixture furrounding 
the warm one, which he thinks would obflruftthe oppohte 
ones afcending from the ice. But the effedl in the 51ft, com- 
pared with the 53d, being juft oppofite, hepaifes over without 
explanation.— 1 have no doubt myfelf, but that the true caufe The diffisrencet 
of the differences in both cafes, is to be found in the column 
expreffing the mean temperature of tlie water, apd not in that rure of the 
exprefling its fituation, which I confider as having nothing to 
do in the buftnefs, but as it afled^ the general temperature. 

The maximum effed with cold water will be when it is of the 
temperature of about 48^ or 50", and the minimum above it 
probably about 100^ or 120^ ; and in proportion as the mean 
temperatures, in any experiment, deviate from thofe points, 
the effedts vary accordingly, let other circumftances be what 
they may. 

Thus I have attempted to explain the rationale of thefe very Conclufion. 
curious and interefting experiments, in a manner diflerent to 
what their ingenious author has done. And muft now leave 
it to the reader to form his opinion. 


V. 

A Method of examining refraSHve dnd dijperfive Powers, by prif” 
matic Reflexion, William Hvdl Wollaston, M. D, 

F. R. S. ** 

In examining the power with which various fubftances re- New method of 
fra6l and difperfe light, I have for fome time paft employed a 
method unnoticed by writers on optical fubjedls ; and, as it is dirperfmg powert 
not only convenient in common cafes of refrafHon, but alfo 2gjJt°^**** 
capable of affording refults not attainable by other means, 1 ^ * 
have been induced to draw up a ihort account of the method 
itfelf, and of the moft remarkable* inftances of its application. 

This method was fuggefted by a confideration of Sir Ifaac 
Newton^s prifmatic eye-glafs, the principle of which depends 
on the reflexion of light at the inner furface of a denfe re- 
fracting medium. 

Since the range of inclination within which total refleClion by angle of total 

reflexion at the 

• Philoft Tranft 1802., 


takes 
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METHOD OF EXAMINING DISPERSIVE FOSTERS. 


con6fte of the place, depends not only on thfe dcnfity of the reflcfling 

denftr of two prifni^ but alfo oh the rarity of the medium adjacent to it, the 
toediumss extent of that range varies with the difference of the denfitles 
of the two media. When, therefore, the refractive power of 
one medium is known, that of any rarer medium may be 
learned, by examining at what angle a ray of light will be 
reflected from it. 

General fa£t for inflance, when any objeCl is laid under a prifra of flint- 
in^e 'w interpofed, the internal angle of incidence 

the greater the at which the vifual ray begins to be totally reflected, and at 
Juy*(^ihe1^^ which the objeCt ceafes to be feen by refraCtion, is about S9^ 
dium towards 10'; but, when the object has been dipped in water, and 
brought into contaCt with the glafs, it continues vifible, by 
* means of the higher refraCtive power of the water, as far as 

57 of incidence. When any kind of oil, or any refi nous 
cement, is interpofed, this angle is ftill greater, according to 
until total tranf- the refraCtive power of the medium employed ; and, by ce- 
mlflioiT. tnents that refraCt more ftrongly than th^ glafs, the objeCt may 
be feen through the prifin, at whatever angle of incidence it 
is viewed. 


Fluids arc cafily In examining the refraCtive powers of fluids, or of fufible 
denf^medlum fwbflances, the requifite contaft is eafily obtained ; but, with 
(orglah): But foiids, which can in few inftances be made to touch te any 
jntcl^Slon^of^S*'^®^ extent, this cannot be effected without the interpofition 
a fluid more re- of fome fluid, or cement,’ of higher refraCtive power than the 

fringent than medium under examination.' Since the furfaces of a ftratum 
Usemieivcs. , , , • 

fo interpofed are parallel, it will not affeCt the total deviation 

of a ray palling through it, and may therefore be employed 
without rilk of any error in confequence. 

Thus, refin, or oil of faflfafras, interpofed between plate 
glafs and any other prifm, will not alter the refult. 

A triangalar If, on the fame prifm, a piece of felenite and another of 
5e^f«i for wm cemented near each other, their powers miy be 

paiiogthe powers compared with the fame accuracy as if they were both in ab- 
of two bodies i foiute contaa with it. 

For fuch a mere comparlfon of any two bodies, a common 
but a fquarc triangular prifm is bed adapted ; but, for the purpofe of a^ual 
meafurement of refraaive powers, I have preferred the ufe of a 
without calcula- fquare prifm, becaufe, with a very fimple apparatus, if (hows 
tion* the flne of refraaive power fought, without the need of any 

calculation. 

^cation of the ^ fquare or reaangular prifm, to 

fquase prifm. wllich 
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^hich any fubAance i$ appl^d* at and let any ray of Ughi pa«» 

raliel to c 5 be refraded through the priim^ in the direction 

Then, if ef and ^ d be taken proportional to the fines tihai Conftru Alon to 
reprefent the refraaive powers of the 'prifm and of 
* which is intercepted between /and the perpendicular eg, will any given rarer 
be the correfponding fine to reprefent the refraaive power of*’®**^ »ntogiafi« 
the medium b. For, fince e dg {oppofite to ef) is the angle 
of refraaion, efg (oppofite to edj mu A be equal to the angle 
of incidence bdh; and ef : fg : : bd : dh : : fine of chi : 
fine of h b d. 

All therefore that is requifite for determining the refraaive inflrument 
power of h, is to find means of meafuring the line/g, 
this principle, the inArument in the annexed tketch (Fig. 2.) 
is conAruaed. On a board a 6 is fixed a piece of flat deal c d, 
to which, by a hinge at d, is jointed a fecond piece de, 10 
inches long, carrying two plane fights at its extremities. At 
f is a fecond hinge, conneaing ef, 15,83 inches long; and a 
third at the other extremity of ef, by which /g is conneaed * 

with it. At i alfo is t hinge, uniting the radius i g to the 
middle of ef; and then, fince g moves in a femicircle egf, a 
line joining e andg would be perpendicular to fg. 

The piece c d has a cavity in the middle of it, fo that, when 
any fuBAance is applied to the middle of the prifm F, it may 
continue to reA horizontally on its extremities. When e d has 
been fo elevated that the yellow rays in the fringe of colours • 

(obferyable where perfea refleaion terminates) arefeen through 
the-fights, the point g, by means of a vernier which it carries, 
fliows by infpeaion the length of the fine of refraaion fought. 

The advantages which this metliod poflefles above the ufual This method ii 
mode of examining refraaive powers, are greater than 
may at firA fight appear. The ufual pradicc has been, to form requires only one 
two furfaces of the fubflance under examination, fo 
to each other that the deviation occafioned by them, might be fight, 
meafured. The inclination of thefe furfaces to each other 
muA alfo be known ; and thence the refraaive power might 
be computed. But, in the method here pro’pofed, it is fuffi- 
cient to have only one furface, and tlie refult is obtained at 
once, without computation. 

The facility of determining refiraaive powers, is conle- lu facility ren- 
quently fuch as to render this property of bodies a very conve- f 
nient tefi in many phllofophical inquiries. For difeovering thcphicai inquiriw. 
parity of eAential oils,' fuch an examination may be of con- 
2 • fiderable 
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fiderable utility^ on account of tke fmallnefs of the quantity 
requifite for trial. In oil of cloves^ for inftance, 1 have tnet 
with a wide difference. The refradlive power of genuine oil 
of cloves, is as high as 1,535 ; but I have alfo purchafed oil 
by this name, which did not exceed 1,498, and which had 
probably been adulterated by fome lefs refra^ive oil. 

It is applicablt to For fuch purpofes, the refradlive power of opaque fubftances 
opakc bodies, fjg Jeferving of inquiry, which could not be learned 

by any means at prefent in ufe. For, in the ufual mode, a 
certain degree of tranfparency is abfolutely neceffary ; but, for 
trial by conta61, the moft perfe6l opacity does not occafiqn the 
lead impediment. 

Inftancc. ji\mong other indances in which 1 have taken advantage of 

this circumdancc, I may mention a fubdance that bad been 
found in one of the iflands of the North Pacific Ocean, which, 
to all outward appearance and by various trials, feemed to be 
perfedl bees-wax, although it is fuppofed that there are no bees 
in the ifland from which it was brought. On placing it by the 
fide of a piece of bees- wax, in contaft tvith a prifrn, the perfedl 
equality of their refradlive powers afforded a drong confirma- 
tion of the opinion before formed of their identity. 

Bodies of vary- For the examination alfo of media of which the refradtive 
jng denfity may Js not uniform, the general method of trial by deviation 

it, wholly fails ; on the contrary, by placing a varied medium in 

contadt with a prifrn, all its gradations of denfity, from greated 
to lead, become at once the objedt of mere infpedtion. An in- 
dance of this may very readily be feen with a piece of gum, 
the furface of which has been moidened for a few minutes ; 
when, by clofe application to a prifrn, a refradtive power may 
be difeerned, varying from that of the water on the furface, 
1,336, to nearly 1,51, the refradtive power of gum arabic. 
ptrtitularly the 1 diould not fo much infid on this advantage, were it not 
cryfttlline lens. opportunity hereby afforded of examining the crydalline 

lens of the eye, which is now known to be generally more denfe 
in the centre than at its furface. 

Mr. Haukibee, who was not aware of this difference, lias 
edimated the refradtive power of the crydalline lens, by forming 
it into a wedge by plates of glafs, fomewhat higher than 1 find 
it to be ; but, with his accudomed accuracy, he remarked the 
apparent enlargement of an objedt, occadoned by the variations 
of its denfity, which he was unable to explain. 

In the table that follows, 1 have fet down, not only the limits 
‘ of 
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of refradive powor in acryftalllne lens of an ox, Rfcertainedby 
trial, but alfo an average, computed from the refra6tive denfity 
of a dried cryftalline of an ox, of which th^ weight had been 
• firA taken in the recent Aate, and the quantity of water loA by 
drying alfo meafured. 

The table exhibits a feries of fubftances, arranged according Table of rcfrac- 
to their refradive powers. That of the diamond is copied from powcri. 
Sir Ifaac Newton ; of other bodies to which (on account of 
their being more denfe than glafs) the machine for meafurement 
would not apply, the refradive powers have been found by 
other means, for the fake of furnifhing a more continued feries 
of fubjeds for comparative experiments. The reft have been 
compared by this method ; and their power, when exprefled in 
numbers, adually meafured. 


TABLE L 


Diamond - - 

Plumbago - - — 

Native uilphur (doubly 2,04 
Glafs, contifting of lead 


6 and fand 1 

1,987 

Glafs of antimony 

1,98 

Jargon 

1,93 

Spinelle ruby 

1,812 

Arfenic 

1,811 

Muriate of antimony, variable 

White fapphire 

1,768 

Gum dragon 

— 

Iceland fpar, ftrongeft 
Sulphate of barjles 

1,657 

(double) 

1,646 

Balfam of Tolu 

1,60 

Guaiacum 

1,596 

Benzoin 

— 

Flint gl(ij\ 

1,586 

Ditto - 

1,583 

Horn 

— - 

Phofphorus 

1,579 

Mica 

— 

Opium 

— 

Amber 

1,547 

Rock cryftal (double) 

1,547 

Oid plate glqfi 

1,545 

Colophony 

1,543 

Box-wood 

— 

Bees-wax 

1,542 


Oil of falfafras 

1,536 

Red fealing-wax 


Spermaceti, cold 


Sugar, after fufion 

.... 

Arleniate of potadi 


Maftic 


Elemi 

.... 

White wax (cold) 

... 

Oil of cloves 

1,535 

Copal ... 

1,535 

Anime 

1,535 

Rhdcliffe crown glafs 

1,533 

Pitch 

... 

Centre of cryftalHne of 
ft(b, and dry cryftal- 

line of an ox 

1,530 

Canada balfam 

1,528 

Crown glafs, common 

1,525 

Selenite 

1,525 

Caoutchouc r 

1,524 

Gum lac 

— 

Dutch plate glafs 

1,517 

Human cuticle 


Gum arabic 

1,514 

Balfam of capivi 

1,507 

Oil of amber 

1,505 

EngUJh plate glafs 

1,504 

Ft each plate glafs - 

1,500 

Oil of nutmeg 

1,497 

Sttip^Rle of potafh 

1,495 

Pallow 
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Tallow, cold J,4D 

Iceland Ipar, weakeft ] ,488 
Camphor - ^ • 1,487 

Lin feed oil - - 1,485 

Butter, cold - 1,480 

KHence of lemon - 1,476 
Oil of turpentine, com- 
mon - - 1,476 


— — M l reAified 1,470 

Oil of almonds — 

— — olives - 1,469 

peppermint - 1,468 

lavender . 1,467 

Tallow, meited - 1,460 

Alum - . - 1,457 

Spermaceti, meiied • 1,446 


CryflalUnelens of an ox 1^447 
to * 1,380 

Computed average of 
ditto - • 1,430 . 

Sulphuric acid * 1,435 

Fluor fpar - - 1,433 

Nitric acid (fp.gr. 1,48) 1,410 
Alcohol - - 1,37 

White of an egg - F,36 

iSther - • > 1,358 

Vitreous humour of an 
eye - - 1,336 

Water - - 1/336 

Atmofpheric air 
(Haukibee) - 1,00032 


ON THE DISPERSION OF LIGHT. 

This method IS The method above deferibed for inveftigating refraftive 
llkewifc^^i-^^ powers, may alfo be employed with <fimilar advantage for 
difperfioix of inquiries into the difperfion of light by different bodies, and the 
light, confequences that refult from their combined a6lioii. 

The limit of When a glafs prifin is placed in contact with water, and 
tbn'h marked ^ pofition that it refledls the light 

by a fringe of fr^ni a window, the extent of perfed reflexion is feen to be 
colours j bounded by a fringe of the prifmatic colours, in the order of 
tlieir rcfrangibility.* The violent rays, being in this cafe the 
mofl refrangible, appear ftrongeft and loweft, on account of 
the Icfs obliquity that is requifite for their reflexion, 
except when Blit it may happen that two media, which refra6l unequally 
incidence, may difperfe equally at that incidence* 
the difperfions^ Under tliefe clrcumftances, a pencil of rays palling from one 
arc equal. of fj^h media into the other, will be refra6lcd, without difper- 
fion of its colours. The boundary of prifmatic refle6lion would 
then be foundT a well defined line, free from colour, if the fur* 
face at which the reflected light emerges from the prifm, were 
at right angles to its courfc. 

If the difperfion When the difparity of the difperfive powers of the media is 
dium b”g7cdtcft gfeafer, it may alfo happen, that the ufual Order of prif- 
the order of matic, colours will be reverfed ; and then the red will appear 

colours will be itrongeft and loweft in the fringe, unlefs the colours fo pro* 
inverted. ® ® 

* Newton's Optics, Boole i. part 2. Exp. 16. 


duced 
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claced are counterafted by jrefradlion at their emergence from 
the prifin. 

An inftance in which the colours are fo reverfed, may be Inftance : F« 
feen by application of oil of faflafras to a prifm of flint glafs. ^ 

* So high is the difperfive power of this oil, that, in refractions 
from flint glafs into it, the red rays are relraCted more tlian the 
violet. 

It muft be obferved that, in this experiment, when the angle 
of refledlion within a triangular prifm exceeds 60^, the angle of 
emergence is fuch as would alone occafion the red rays to 
appear lowermofl ; but, when the glafs ufed is reCtanguIar, the 
refraction at emergence has an oppoGte effeCt ; any reveriion 
of colour will therefore be in fome degree corrected, and may 
not be feen, unlefs the difperfive power of tlie medium in con- 
tact much exceeds tlial of the glafs. 

A cafe of refraCtion with an Inverted order of colours, has Crown glafs and 
been obferved by Dr. Blair,* in a compound objeCt-glafs 
where crown-glafs.was in coniaCl with oil of turpentine. From 
trials witli lenfes, he lilt^wife inferred, that feveral other fluids 
have the fame effeCt, when applied to that glafs. 

With this glafs, and alfo with plate^glafs, 1 have tried oil of 
turpentine, and many other fluids that afford a fimilar reveriion 
of colours, as linfeed-oil, olive-oil, the eflential oils of berga- 
mot, lemon, lavender, pennyroyal, and peppermint,. ftrong 
nitric acid, and many artificial compounds that 1 fliall prefently « 

have occafion to mention. 

The difperfive power of fluor fpar is the leaft of any fub- Fluor fpar d»f- 
flance yet examined ; fq that, although its refraClive power is *^*^*^* ^*^^*** 

alfo remarkably low, (confidering its great fpecific gravity,] a 
prifm of fluor, in contaCl with water or alcohol, (hows the 
prifniatic colours to be refraCted in an inverted qrder. 

With heavy fpar, the infiances of reverfion are very numC' alfo ponderous 
rous, as its difperfive power is low, and is accompanied with 
great refraClive denfity. In the refraClions from this (par into 
flint glafs, and into all oils or refins, I believe, without excep« 
tion, the colours are feen reverfed. 

Rock cryfial likewife difperfes fo little, that it exhibits the an<r rock cry (bli 
colours reverfed# when it is in contaCl with many fubfiances of 
lefs refractive power than itfelf. 1 have tried it with Dutch 
plate-glafs, with Canada balfam and balfam of capivi, with 

P Edinb« Tranf* Yoh III. 
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many oils eflential and exprefied^ find have found the collars 
in all thefe cafes reverfed. 


Metallic falts 
difperfe much* 


Experiments of 
diluting them 
till no colour 
Appeared. 


Table of their 
denftties in that 
Rate* 


By folutions of metallic falls, a great variety of fuch appear* 
ances may be produced. Moft of thefe compounds have a 
highly difperhve power ; and many of them may be rendex;ed 
fufficiently denfe to occafion reverfion, even when applied to 
flint-glafs. In a more dilute ftate, they may be ufed with 
crown-glafs, or plate.glafs, to produce the fame effedt. And 
lince, when further diluted by a lefs difperfive medium, they 
will alfo prefent an appearance of colourlefs refradiion, we 
may, by examining the degree of dilution necelfary for that 
purpofe, compare the difperfive powers of any ingredients 
contained in them, and may gradually extend our knowledge 
of this property to the elements of any bodies, however com- 
pounded. 

As a fpecimen of the method, I have in this way compared a 
few folutions of metals, and of other fubfiances, that were each 
diluted till the limit of refledtion appeared void of colour, when 
they were in contadl with a redtangular piece of plate-glafs ; 
and, in the table which follows, I have expretfed their refradlive 
powers in that ilate of dilution^ as nearly as the eye can difcern 
the difappearance of colour. 


TABLE 11. 


Nitro-rauriate of gold 

Nitro-muriate of platina 

Nitrate of iron - 

Sulphuret of potafii 

Red muriate of iron 

Nitrate of magnefia 

Nitric acid - • • . 

Nitrate of jargon 

Balfain of Tofu - - - 

Acite of litharge (extract of lead) 

Nitrate of filver 

Nitrate of copper 

Oil of falTafras . - - 

Muriate of antimony - - 

Nitrate of lime - - . 

Nitrate of zinc 

Green muriate of iron 

Muriate of magnefia - 

of lime ... 

« — - of zinc - - ’ - 

Elfence of lemon - - • 

Baifam of capivi - . - 


In Water* 


In AlcokoU 


1,364 

1,370 

1,375 

1,375 

1,385 


1,390 


1,395 


1,400 


1,400 


1.410 


1,405 

1,410 

1,422 


1.415 

1.416 
1,425 
1,425 


1,440 

1,430 

1,440 



iiNviiM Of i^AiIttrtNO Offftttftvs pbititii, ^ 

here be Aat fisveralof the metals lucreafe the Cold and platina 
diQi»erfive powers of nitric and muriatic iU3ids> and 
exceed them in that refpeft. Of ail thefe fubftances that 
have yet tried^ gold and platina are the mod difperfive. The 
lead ^^erfive of the metals is zinc. 

The earths alfo are found to poffefs this property in very fhecarthidj/Tei 
different degrees : that of the jargon and magnefia differ 
little from nitric acid in difperfive powers but filiceous earth, 
on the contrary, is inferior to water. 

By- comparing the falts formed with the nitric and muriatic Nitric acid difj* 
acids, it appeared probable that the former had the higher dif- 
perfive power ; but a more dired comparifon could not be made 
by means of the rectangular piece of plate-glaf«, as muriatic 
a(‘id could not be rendered fufficiently denfe for fuch a trial ; I 
therefore made ufc of a triangular prifm of crown-glafs, which 
is in itfelf lefs difperfive than any plate-glafs, and, from the 
relative pofition of itsS furfaces, occafioned lefs correction of the 
colours. With this prifm, I found that ftrong muriatic acid 
(having a refraClive pSwer 1,394) exhibited the colours rc- 
verfed ; and that, when it w^as diluted till the limit of reflection 
appeared void of colour, its refraCtive power was reduced to 
1,382. But the difperfive power of nitric acid> when tried 
by the fame prifm, proved to be greater; for this acid required 
to be diluted till its refraCtive power did not exceed l,375g 
before the colour was wholly deltroyed. 

In the table it may be obferved, that the red and green mu- More oxjrgea 
riates of iron, though confiding of the fame metal and acid, mow*difpcr^<Mi* 
differ very much in difperfive power ; and, confequently, thatin tbemuriiti 
fome caution will be neceflary, in attempting to compare the*^^"' 
different metals with each other by means of the ialts contain* 
ing them, as any difference obferved may be owing in part to 
a difference in the quantity of acid to which they are united, 
and in part to their different proportion of osygen.» 

A drilling indance of the latter is manifeft, from a compa.butleiiia the 
rifon of fulphur with the fulphuric acid ; for, while the former 
appears to exceed* the metallic oxides in difperfive power, the 
latter is inferior even to water. 

As I have likewife, at various times, made mahy experi- The onter of 
i^rents on difperfionr by means of wedges, in a i^ner neatly “ 

fimilar to that employed by Mr, DoUond, Dr. Blair, and others, powers ; 

VoL. IV. — Fsbruajiy. H I have 
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I have endeavoured to reduce the foveral fubilances thus exa- 
mined to one table ; but, as the limits of colour are in fewiin- 
Aances fufficienlly well defined for accurate menfu ration, I have 
not attempted to add any numerical eftimate of their powers, 
but have merely afcertained the order in which thay fucceed 
each other ; and, in the following table, have arranged them 
according to the excefs of their clTefl on violet above red lights 
at a given angle of deviation. 


tabulated with Ordei of djYperfivc 
their refractive Hovrers. 
powers annexed. ‘Sulphur 

Glafs of lead fand) 
Balfam of Tolu 
Oil of fad’afras 
Muriate of antimony 
Guaiacum 
Oil of cloves 
flint-glafs 
. Colophony - 
Canada halfam 
Oil of amber 
Jargon 

Oil of turpentine 
Copal 

Balfam of capivi 
Anime 
Iceland fpar 


TABLE III. 

Reff-Power. 

Amber - - 1,547 

Piamond - - 2,44 

.Ahim - - 1,457 

flate-glafs, Dutch 1,517 

Ditto, Englilh - f,504 

Crov^ glafs - 1,533 

Ruby (fpincllc) • 1,812 

Water - - l,33G 

SuIphuPic acid - 1,435 

Alcohol - - 1,37 

Sulphate of bar} tes 1,646 

Selenite - - 1,525 

Rock cry ftal - - 1,5 i7 

Sulphate of potafh - 1,495 

White fapphire - 1,768 

Fluor fpar - - 1,433 


Refr. Power. 

2,04 
1,987 


1,60 

1,536 

1,596 

1,535 

1,586 

1,543 

1,528 

1,505 

1,95 

1,47 

L535 

1,507 

1,535 

1,657 


Numerous By comparifon of this table with the order of refradtive 
contained in the firfl table, it will be feen bow little 
corrcfpoQdence there is between them ; and, accordingly, hoVv 
numerous are the combinations by means of which a pencil of 
rays that pafles through two media, may be made to deviate 
without difperiion of its colours. 

White light does ^ Cannot conclude thefe obfervations on difperfion, without 
remarking that the colours into which a beam of white light is 
prifm into /raw Separable by refraflion, appear to me to be neither 7, as they 
cof ''' rainbow, nor reducible by any means 
(that I can find) to 3, as fomc perfons have conceived j but 
that, by employing a very narrow pencil of light, 4 primary 
divifions ofthe prifmatic fpeSrum may be feen, with a degree 
of diftindtnefs that, I believe, has not been deferibed nor ob- 
ferved before* 


^ If 


4 
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If ft bettm of day-tight be admitted into a dark room* by acxpedmenti by. 
crevice of an inch broad> and received by the eye at the^“h thy*- 
di^ance of 10 or 12 feet, through a prifm of flint-glafs, y^tobefour.*^ 
from veins, held near the eye, the beam is feen to be feparated 
Into thefour following colours only, red, ycllowilh green, blue, 
and violet ; in the proportions reprefent^ in Fig. 3. 

The line A that bounds the red fide of thefpedrum is fome- Remarkable 
what confufed, which feems in part owing to want of ** 

in the eye to converge red light. The line B, between red . ^ 
and green, in a certain pofition of the prifm, is perfeftly dif- 
tio & ; fo alfo are D and E, the two limits of violet. But C, 
the limit of green and blue, is not lb clearly marked as the 
reft ; and there are alfo, on each fide of this limit, other diftinft 
dark lines, / and g, either of which, in an imperfeA experi- 
ment, might be miftakenTof the boundary of thefe colours. 

The pofition of the prifm in which the colours are moll Spaces occupied 
clearly divided, is when the incident light makes about equal the colours § 
angles with two of its fides. I then found that the fpaces AB, 

BC, CD, DE, occupied by them, were nearly as the numbers 
16, 23, 36, 25. 

Since the proportions of thefe colours to each other have been 
fuppofed by Dr, Blair to vary according to the medium by 
which they are produced, 1 have compared with this appear- 
ance, the coloured images caufed by prifmatic veflels contain- 
ing fubfiances fuppofed by him to differ mofi in this refpeCt, 
fuch as firong but colourlels nitric acid, re6lified oil of turpen- 
pentine, very pale oil of falTafras, and Canada balfam, alfo 
nearly colourlefs. With each of thefe, 1 have found thenearly the fame 
fame arrangement of thefe four colours, and, in limilar pofitions*"^"""***®^*®* 
of the prifms, as nearly as I could judge, the fame proportions 
of them. 

But, when the inclination of any prifm is altered fo as tobut Is changed 
increafe the difperfion of the colours, the proportions of them'^**?' ^ hicU- 
to Ach other are then alfo changed, fo that the fpaces AC and 
CE, inftead of being as before 39 and 61, may be found altered 
as far as 42 and 58.** 

H 2 By 

* Although what I have above deferibed comprifes the whole ofluvlfible heat 
the prifmatic fpe^rum that can be rendered vifible, there alfo pafs ^^SbeconfijMef 

each fide of it other rays, whereof the eye is not fenfible. Fromred| 

Herfehers experiments (Phil. Traaf. for 1800 } we learn, that 
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Curioos effefts By candle-liglit, a different fet of eppearances may be dif- 

^ When a very n^row line of the blue light at the 

* lower part of the flame is examined alone, in the fame manner, 
through a prifm, the fpeSrum, inilead of appearing a feries of 
•lights of different hues contiguous, may be feen divided into five 
images, at a diflance from each other. The 111 is broad red, 
terminated by a bright line of yellow; the 2d and 3d are both 
green ; the 4th and 5th are blue, the laft of which appears to 
correfpond with the divifion of blue and violet in the folar 
fpe6lrum, or the line D of f'ig. 3. 

•nathe light of When the objeft viewed is a blue line of eleflric light,, I 
clcdtricity. have found the fpedlrum to be alfo fep^afed into fcveral 
images ; but flie phenomena are fomewhat diflferOnt from the 
preceding. It is, however, needlefs to deferibe noinutely, ap- 
pearances which vary according to the brilliancy of the light, 
and which 1 cannot undertake to explain. 


and dIfoxy<- 
genating* rays 
on the cooflne 
of violet. 


on one fide there are invifible rays occafioning heat, that are lefs re« 
frangible than red light j and on the other Lthave myfelf obferved, 
(and the fame remark has been made by Mr. Ritter,) that there are 
likewife invifible rays of another kind, that are more refracted than 
the violet. It is by their chemical effefls alone that the exillence of 
thefe can be difeovered ; and, by far the moll delicate tell of their 
prefence is the white muriate of filver. 

To Scheele, among many valuable difcoveries, we are indebted 
for having fiill duly dtllinguilhed between radiant heat and light; 
(Traite de VAir et du Feu, § 56j 57 j) and to him alfo we owe the 
obfervation, that when muriate' of filver is expofed to the common 
prifmatic fpreflrum, it is blackened more in the violet than in any 
other kind of light. (§ 66.) In repeating this experiment, I found 
that the black nefs extended not only through the fpace occupied by 
the violet, but to an equal degree, and to about an equal dillance, 
beyond the vifible fpeflrum ; and that, by narrowing the pencil of 
light received on the prifin, the difcoloration may be made to fall 
almoft entirely beyond the violet. 

It would appear therefore, that this and other elfefls ufuall)^ at- 
tributed to ligh,t, are not in fa6l owing to any of the rays ufually 
perceived, hut to invifible rays that accompany them ; and that, if 
we include two kinds that are invifible, we may dillinguilh, upon' 
the whole, fix fpecies of rays into which a fun-beam is divifible by' 
refra^ion* 


Tl; Ail 
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VI. 


An Account qf Dr, Young^s HarfH&nic Stiden, from Ml 
Fupcr in theJournaU qf the Royal Inftitution, Jl. 2$l. 

't 

A HE combination of undulations^ however cautioufly the Utility of the 
world may adopt its application tO die explanation of optical 
phenomena, is of acknowledged utility in iilufirating the phe- tiom in explain- 
noracna of mufical confonances and diflbnances, and of unde* fou^r*°2S*tho 
niable importance in accounting for many of the phenomena of tides. * 
the tides. Each tide is an undulation on a large fcale ; and^ 
fuppofing the general form of the ocean, in confequence of the 
attra6lion of a diflant body, to coincide with that of an oblong 
fpheroid, as it is found by calculation to do, the fe^lion of the 
furface of each tide, if conceived to be unbent from the ci^cu- 
lar form and extended on a plane, would form the harmonic 
curve. (Young’s Syllabus, IV. 151. 155.) It is remarkable 
that the motions of the particles of die aicin found have been 
generally fuppofed in theory to correfpond with the ordinates 
of this fame curve, and that there is alfo experimental reafon to 
believe, that the pared and mod homogeneous founds do in fa6t 
agree very nearly with the law of this curve. It is therefore by 
far tlie mod natural as well as the mod convenient to be af- 
fumed, as reprefenting the date of an undulation in general ; « 

and the name of thefe hs^rmonic Aiders is very properly de- The h vaionic 
duced from the harmonic curve. 

By means of this indrument, the procefs of nature, in the vifibly exhibit 
combinations of motion which take place in various cafes of 
the junction of undulations, is rendered vidble and intelligible, jundlon of un- 
with great eafe, in the mod complicated cafes. It is unne- 
ceflary to explain here, how accurately both the fituations 
and motions of the particles of air, in found, may be repre- 
fented by the ordinates of the curve at diderent points : it is 
fufficient to confider them as merely indicating the height of 
the water condituting a tide, or a wave of any kind, which 
exids at once in its whole extent, and of which each point 
pades alfo in fucceffion through any given place of obferva* 
lion. We have then to examine what will be the ede6t of two Explanation 
tides, produced by different caufes, wlien united. In order 
to reprefent this ededt, we mud add to the elevations or dc- 
preffitons in confequence of the fird tide, the elevations or de* 

* • predioi^ 
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prcfSons in confequence of the lecond, and fubtraft them when 
they counteraft the effefl of the firft : or we may add the whole 
height of the fecond abov^ any given point or. line, and thein 
fubtraft, from all the fums, the diftance of the point aflTumed 
below the medium. 

Exhibition of a To do this mechanically is the object of the harmonic Aiders. 
Ample tide, furfacc of the Arft tide is reprefented by the curvilinear 

termination of a Angle board, Plate VI. Fig. 1 . The fecond 
tide is alfo reprefented by the termination of another furface ; 
but, in order that the height at each point may be added to the 
height of the Arft tide, the furface is cut tranfverfely into' a 
number of feparate pieces or Aiders, which are cohAned within 
a groove or frame, and tightened by a ferew. Fig. 2. Their 
and of combina- lower ends are Aluated orginally in a right line ; but, by 
loofening the ferew and moving the Aiders, they may be made 
modify, or de- to aAume any other form : thus they may be applied to the 
ftroy each other, furface reprefenting the Arft tide ; and if the Amilar parts of 
each correfpond. Fig. 3, the combination«>will reprefent a tide 
of twice the magnitude of the Ample tides. 

The more the correfponding parts are feparated, the weaker 
will be the joint effeft. Fig. 4 ; and, when they are furtheft 
removed, the whole tides, if equal, will be annihilated. Fig. 
Thus, when the general tide of the ocean arrives by two differ- 
r ent channels at the fame port, at fuch intervals of time that 
the high water of one would happen at the fame inAant with 
the low water of the other, the whole efiefl is deAroyed, ex- 
The principle licept fo far as the partial tides differ in magnitude. The prin- 
wiety^of cafes being 6nce underAobd, it may eaAIy be applied to a mul- 
* tiplicity of cafes : for inAance, where the undulations differ in 
their dimenAons with regard to extent. Thus, the feries of 
Aiders being extended to three or four alternations, the effedl 
undulations dif- of combining undulations in the ratio of 2 to 1 of 3 to 1, of 2 to 
fering in extent. 3 ^ Qf 3 jq 4 ,^ afeertained, by making a Axed furface, 

terminating in a feries of curves, fhat bear to thofe of the Aiding 
furface the ratio required ; and, by making them differ but 
The beat of an Aightly, the phenomenon of the beating of an imperfefl unifon 
in mufic may be imitated, where the joint undulation becomes 
alternately redoubled and evanefeent. In Fig. 6, the pro- 
portion is that of 17 to 18, and the curvilinear outline repre, 
fents the progrefs of the joint found from the greafeA degree of 
intenAly to the leaA, and a little beyond it. 

VII. Obfervations 
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' vn. 

Ollfersf^Hon^ on the Jpfearances produced hy the CoUifion qfSted 
^ with Hard Bodies^ By Mr^ Daw, Le&urer on Cheniiflry 
at the Royal It^Htution *. 

I. Mr. HAWKSBEE long ago ihewed, that no fparksf Waw|cfl)ee’reiep. 
could be produced by the collifion of flint and fleel + in the vacuo*”^ 
exhauided receiver of an air pump, and that in this cafe a faint 
tight only was perceived. And, flnce his time, the fame (A>- 
fervation has been very often made. 

The developement of the theory of combuftion has clearly Sparks thus pro- 
fliown that the vivid fparks obtained from fleel in the ow^ng lo com-^* 
phere, are owing to the combination of the fmall abraded and buftion of the 
heated metallic particles With oxigen. But it has been a mat* 
ter of doubt whether, in the experiment made in vacuo, the 
faint luminous appearance is owing wholly to the light pro- 
duced by the fradure and abrafion of the parts of the flint, or 
only partly to this caufe, and partly to the ignition of the mi- 
nute filaments feparated from the fleel. 

II. I have often found, that when a fine and thin flint. Light in vtcuo 
which may be eafily broken, is ufed for the collifion in vacuo, wiS^fthln fliarp 
the light is much more vivid than when a thick and ftrong one flint. 

is employed : and with a ftrong flint, but juft fliarp enough to 
give (parks with fleel in the atmbfphere, it is feldom that any 
light at all is produced in the exhaufted receiver. Thefe fa6ls The colliflon 
feem to (hew that the abraded particles of fleel ar.e not ren- 
dered at all luminous by collifion, except in confequence of 
combuftion ; and the opinion is almoft fully proved by the 
following experiment, which was made in the courfe of a 
le6lure on the properties of light, in the theatre of the Royal 
Inflitution, and which has been fince often repeated. 

III. A thin piece of iron pyrites $ (fulphuret of iron) was Pyntes InftssJ 
inferted in a gunlock in the place of the flint. It gave *^7 

* Journal of the R. I. 264. 
t Philofophical Tranfaaions, Vol. XXIV. p. 2165. 
t The etymology of the name of this fubftance iliews that its 
property of giving fire by collifion was very anciently known. It 
was ufed in the old gunlo^i with the revolving wheel, for in- 
flaming the primitfg. 


collifion 
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COLLISION OF STftiSl WITH KAHO BODStf* 


QueftSon* Can 
Oeel burn in air 
If not firft white 
lu>c? 


If It cannot} 
why is not this 
white heat feen 
in vacuo f 


Explanation* 
Oxidation at 
temperatures far 
below ignitioO} 
may develope 
more heat than 
can be conduft- 
ed off} and may 
produce vivid 
copibuftion ; 


coUifion in the atmofphere very Vivid fparks; wbidi weie * 
chiefly white, from the combuftion of the particles of» the. 
fteel ; but fometimes mixed with a few red fparks from tbe 
combuftion of the particles of the pyrites. Tbe gunlock wat 
introduced under the receiver of an air pump, and the exhauf 
tion was made till the mercury in the (liortf(a|;e flood at about 
of an inch. The lock was then fnapped, but no light 
whatever was perceived ; and the phenomenon was uniforms 
every precaution being taken to render the room dark} and to , 
preferve the apparatus in order. 

Tv. It is well known that in common cafes the flneft fleet 
wire does not burn with a white light or fparks in the atmoT* 
phere, unlefs it have been previoufly heated to a degree much 
above that of the red heat ; it confequently at flrfl view ap<* 
pears extraordinary, that the particles fcparated from the gun« 
lock (hould be healed fo as to burn vividly in air, and yet not fo 
as to appear ignited in vacuo ; for it is not eafy to conceive 
that they emit light, which from the minutenefs of their vo- 
lume * cannot be perceived ; or to fuppofe that the opacity of 
the metallic fubftances fhould hinder light generated at their 
points of contact from being vifible. I had formerly fiippofed, 
in reafoning upon the phenomenon of the collifion of flint and 
fteel, that f heat and light might in common inftances^be only 
accidentally coexiftent ; and that in certain cafes very high 
temperatures might be produced without cauiing the appear- « 
ance of light. At prefent hbwever 1 am inclined to believe, 
that the phenomena may be adequately accounted for upon, 
principles that coincide with tbe common fa£ls relating to the 
produdion and communication of heat. 

Mr. Stodart ;( has fhewn, that when fteel is gradually 
heated it begins to change colour at about 4>30^ Fahrenheit, 
And this change of colour is occafioned by its combination 
with oxigen, cand, as tiiere is every reafon to believe, mufl 
be connected with the evolution of heat. At about 600^, a 
teioperature much below that of ignition, it oxidates rapidl|^ 
and becomes covered with a bluilh grey coating. And though 
in thefe cafes of oxidation tbe heat ev^ved at the furface of 


♦ Or the (hort time of ill ra)iflion*'--N. 
t Ni^bolfon's Journili 4to, Vol. Ill* p* $1T« 
t Nichblfon’i Journal, 4tOi Vol. IV. p. 130. 
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the inetal tfi not fufficient U/ratfe the temperature of fteei wireii 
or a fieel plate, fo as to caofe it toenter into the vivid combuf* 
tMmy y«t in a£ling upon fuch a minute lament as thht Aruck 
off tn the guiilock, it may be fufficicnt to keep up the proeefs |n cafe Ac fur* 

oxidation till it becomes fo vivid as to occafion the ftrongeA in^propor- 
beat and light. Befides, the furface of this filament is very tion tothemafs^ 
great as compared with its bulk, and Che oxi^ produced upon 
it is lefs likely to form a coat which might defied the interior 
parts from the action <ff the air \ 

It would not be difficult to find many analogoas inflances. Other inftancei. 
In which the progr^s of oxidation it dependent upon the *^c^?cadiiy uU 
of the combuftiUe body, or rather upon the relation of this fire in fmali 
mafs to furface; thus, a very thin and fmali bit of phofphorus®“^*** 
will inflame fpontaneeuily, and burn with the vivid light wheft 
wrapped up in filaments of fine cotton ; whilft a thicker and 
larger piece will only fhine with the feeble blue light : and 
though a large mafs of zinc may be melted in the atmofphere 
without inflaming, a fmali and. thin fliaving will burn vividly 
long before it is heated to the temperature of fufion. 

V. In conlidering the general phenomena of the produflion Not . 

of heat and light, by meclianical means, it is difficult to t'on- 
ceive tliat any confidcrable increafe of temperature can be pro- duced by a ftngle 
duced on a metallic furface by a iingle collifion ; for the con- ^°lf‘l*®*** 
dufting power of the metals is fuch as would fpeedily caufe 
the heat to be communicated to the contiguous parts j and ** 
even in the cafe of the abrafion minute particles, though 
the time required for their feparation from the mafs is to us 
imperceptible, yet it muft be fufficient to enable them to give 
out to it a portion of their heat. 

The bodies that become luminous by being flruck or rubbed Lummoui ip. 
together in vacuo, or in gafes that do not contain oxigen, or 
under water, fuch as fluate and carbonate of lime, filiceous phofphorcfc 
ftones, gfais, fugar, and many of the compound falts, 
both eledrics per fe, and phofphorefcent fubftunccs ; fo that 
t|g|^fla(hes they produce are moft likely occaiioned, partly by 

In turning very fine work of fteel in the lathe, fo as to afford 
(havings or threads much thinner than onc-thoufandth of an inch, 

I found that this metallic wool very readily caught fire at a candle, 
and burned throughout in quantities of a cubic inch or more t But 
It was fcarcely fo much oxided to Hayloft its flexibility after this 

combuftiop.— N, ^ 

tne 



DESCRIPTION OF A BLOW-PIPE. 


j til 6 eledrlcity excited on their fiftfaces by the friAion, and 

partly by their phofphorefcence, which is generally occafioned 
Ctfes of af^ual by moderate degrees of heat. It is not however improbable 
Ignitions cafes, by the collifion of very hard (lony bodies# 

which are bad condudors of heat, there may be an adtual ig* 
nition of abraded particles; and the fuppolition is counte- 
nanced by various fads. Mr. T. Wedgwood found that a 
piece of window glafs, when brought in contad with a re- 
volving wheel of grit, became red hot4t its point of fridion, 
and gave off luminous particles which were capable of in- 
flaming gunpowder and hidrogcn gas And we are informed 
by a late voyager f, that the natives of Oonalaflika light their 
fires by ftriking together two pieces of quartz, their furfaces 
being previoufly rubbed with native fulphur, over dry grafs. 


Defcription of a Blow^pipe by Alcohol, haxfing a fqfety Valve, loith 
other Advantages. 3ir. Blnj amin Hooke, 

Fleet Street. 

To Mr. NICHOLSON. 

SIR, 

Biow-pipc with I HAVE taken the liberty of troubling you with a drawing 
tnty^ow defcription of the blow~pipe by alcohol as I make it, which 

perhaps poflTefTes the following advantages over that defcribed 
in your number of September laft ; viz. Being furnifhed with 
a fafety valve, to prevent accidents ; having only one lamp 
(the wick of which being pretty large, anfwers both for heat- 
ing the alcohol and for affording a ftrong blafl when drawn 
through it) ; and I think fuperiority as to form and appear- 
ance. 

Should you*efteem it worthy a place in your valuable Jour- 
nal, the infer tion will oblige, 

SIR, ^ 

Your very humble fervant, 

159, Fleet Street, BENJAMIN HOOKE. 

Nov. 20, 1802. 


* Phil. Tranf. 1792, p. 45, 

f Sauer's Account of Billings's Expedition to the northern parti 
of^uffia, p. 159. 

' . A is 



JOtKT APPLIED TO TUBES, &C. l(yj 

A4s a hollow fphere * fo^ containing alcohol, rcAing o^on Defcrlption* 
a flioulder in the ring O, Plate V. 

B is a bent tube with a jet at the end, to convey the alcohol 
an the Aate of vapour into the flame at Q> this tube is conti« 
nuad in the infide up to C, which admits of A being hlled 
nearly, without any alcohol running over. 

P is a fafety valve, the prefTure of which is determined at 
pleafure, by fcrewing higher or lower on the pillar £, the two 
milled nuts F and G drrying the fieei arm H, which rells on 
the valve. 

I is an opening for putting in the alcohol. 

K is the lamp, which adjufls to different didances from A, 
by Hiding up or down the two pillars L. The diftance of the 
flame Q from the jet, is regulated by the pipe which holds the 
wiclc being a little removed from the centre of the brafs piece 
M, and of courfe revolving in a circle. 

N the mahogany Hand. 


IX. 


Defcription af a Joint applied to Tubes ufedfor conveying Steam 
under conjiderablc Preffure. W. N. 

The valuable communication of my correfpondent N. N.Recolieftionof 
in the laft number, has fixed my recolleftion upon feveral parts^®*”® apparatus, 
of my hydraulic and pneumatic apparatus, in which, though 
they may be called bagatelles as far as relates to the magnitude 
of the inventive powers required to make them, yet their utility 
may be fuch as in many inftances to prevent lefs eligible con- 
trivances from being adopted. 

In the firfl: place, I find among fome brafs work the ingc-Eaily infentJon 
nious joint, Plate II. Fig. 2, lately contrived by himfelf, *®^^pneumatic^p7a- 
before him by Mr. Webder, but in this cafe certainly maderatus. 
mafiy years ago by fome unknown mechanic. My piece, 
which is for fpouting fluids, is prevented from being driven 
afunder by a wire that pafles through its axis, and has a fmall 
nut and waflier diced with leather. 

* If the bottom Is made Sat inftead of Tphcricali the aftion bf the 
flame will then be greater. 


The 
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108 JOINT APPLIED TO TUBE% 

Another joint The apparatus of which I hav6 given a drawing and feflion 
fw ftrong {team* yjj made for conveying fleam from a boiler to 

the fleam engine, and for many other philofophical porpofes, 
in wliicli this agent is very ufeful, though hitherto not much 
applied to object of this nature. As I have found it very com- 
modipus, I fliould not be difpofed to make any remarks on the 
contrivance itfclf, if its refeniblance to fo many things that I 
have feen, both in organization and did not make it 

proper to fay, that 1 fliould have let it pafs unpubliflied (among 
the many arrangements, whether old or new, which every 
pradlical mechanic finds himfelf induced to adopt in his opera- 
tions) had not the conflderation of utility made me fiippofe it 
might prove acceptable. 

^ letters of the alphabet denote 

edek with joints things; Fig 1 exhibiting a view, Fig. 2 a feaion, 

so the tubes, and Fig. 3 the plan of fomc of the parts. The letter e fliews 
upright tube conveying fleam from the boiler into 
gdifhfpring. the body of the cock c by its hollow cone m, which is open 
beneath‘and clofed above, and has a fiSe aperture n communi- 
cating, when duly placed, with tlie pipe h i. The cone is 
prefled iido its place by the cap b Ibrewed on the body of 
the cock c at r. The cap docs not profs immediately upon the 

upper furfacc or flioulder of the cone, becaufe the motion « 
would in that cafe be hard and uncertain ; but it afts by the 
intervention of a fpring o in tte (hape of a difli or flightly con- 
cave place, which keeps ft to its bearing with any required 
degree of prefTure accordingly as the cap is more orlefs ferew- 
ed down, and always with a moft fmoolh and pleafant aaion 
without the leafl jerk or obflacle. The cock is turned by the 
w ooden handle or lever a, and is very fecure on account of 
the large furface of the convex and concave cones which re- 
mains imperforated. 

The pip^ between h and i is connefted by a joint, in which 
g is a loofe cap milled on the outfide, and having a concave 
Icrcw on its inner furface* It is fere wed upon the fixed piece 
/, which is turned to fit it : In this lafl piece is a cylindric 
concavity furrounding the orifice of the pipe h (fee /, Fig. 3), 
into which the piece p, at the extremity of the pipe f, loofely 
fits. Upon the circular face of i are turned three or four grooves, 
^nd the like on the correfpondent face off. Thefe are of ufe 
to fecure a final! piece of tallowed linen cloth put between 

them 
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POR COKVEYtlTG STEAM* 

them when applied together^ Laftly, there is a di(h fpring 0 
between p and g. When g (^hich Aides loofely upon the 
pipe i) is fcrewed upon f, it preiTes p by the intervention of 
the AifT difli fpring againft the interior of^ and makes^a fecure 
jun^ion ; but the pipe i, reprefented in Fig. 1 as pendant, or 
in a vertical pofition. may 1^ moved round in the lame plane 
to any elevation or depreffion whatever. 

The cap d being fcrewed on the body of the cock at t, con- 
flitutes a joint of the fame kind, by means of which the pipe i 
may be moved into any horizontal pofition : Conlequently, by 
thefe two motions, that pipe may be placed in every poffible 
fitiiation. 

If we fuppofe the pipe i that proceeds immediately from the 
cock, to be of confiderable length, as for convenience it is 
required to be, its poffible changes of pofition will not be fuf- 
ficient to adapt it to the ufual operative purpofes. It may there- 
fore, in feveral cafes, be convenient to apply two other fimilar 
joints k and I at right angles with each other, by means of 
which it will be immcidiutely feen, that the exterior pipe w 
may be placed in any required direction, not merely with re- 
gard to a point Immediately above the boiler, but with regard 
to another moveable point at an equal difiance from the fire. 

I Aiall conclude this paper by obferving, that the bended The di/h rprlng 
wafiier or diAi fpring is ufed in the vice and fome other mecha- recum- 

nical tools, but that it far from being as much ufed as it ought ^ * 
to be. For there is fcarcely any adion of pinching, preffing, 
or binding, in which it would not be advantageous, and 
would, in many cafes, prevent ferious mifehief and inconve* 
piencGS. 


X. Memoir 
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X. 


Memoir on Achromatic Glajfes adapted to the Mcajkre qf AngU9^ 
and the Advantages iliat may he derived from double Rrfradtiod 
for the precife Meafarement qf /mail Angles: by Alexis 
Roc HON, Member of the National Jnftitute, and DireRor of 
the Naval Ohfervatory at Brefi *, 

W^HEN we would determine the pofitlon of places, either 
nuned by anglei. on the earth or in the heavens, our conclufions are always 
founded on angles obtained by obfervation ; and of courfe the 
certainty of our conclufions ^inutl depend on the precifion with 
EoIct r/id to which we can meafure thefe angles f . Euler was the firft who 
tempted^to Vor- corredl the aberrations of refrangibility, by cm* 

left the aberra- ploying fubftances of different refra6tive powers. Maupertius 
*'^biUty^by^a*lMs Euler^s objedt glafs, confiding of glafs and water, to 

of glafs and he made at Paris : but this we now know could not fucceed, 
water; from the ratios the refradlions and difperfions of common glafs 

and water bear to each other, 

and afterward In 1755, Mr, Dollond laid before the public his achromatic 
^fs^wd^crown compofed of flint glafs and crown glafs. He 

glafs 5 ^ his paper in the Philofophical Tranfadlions, that he 

dedroyed the aberrations of refrangibility with tolerable eafe ; 
^ but to dedroy that of fphericity at the fame time, was an ob- 

an invention jedl much more difficult \p furmount. For this Dollond ob- 
* patent, the exclufive privilege of which was attacked 
from Hall. hy Mr. Watkins of Charing Crofs, on the ground that the dif- 
covery had been made long before by a gentleman of the name 
of Hall, who however had not rendered it public. It is faid 
that Mr. Hall gave orders for his lenfes of flint glafs to an op- 
tician in one part of London, and for thofe of crown glafs to 
another in a didant part, that his fecret might not be dif- 
covered ; and that both of them happened to employ the fame 
workman to make them, who fufpedting fome mydery, as he 

• Abridged from the Journalde Phyfiquc, Fruftidor, year 9.— C. 
t The hiffory of the invention of achromatic glafles is given very 
erroneouffy in this and mod foreign memoirs, I purpofe foon to 
give a commentary on this 
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k^cvv they were for the fan?<e perfon, (hewed them to Dollond, 
ibr whom likewife he worked, and who thus learned what he 
afterwards publiftied as his own difcovery. 

Be it as it may, 1 fliall with difficulty be perfuaded, that But Euler the 
^ler was not the firft who thought of correAing the aberra- 
tions of refrangibility, as Newton invented the means of cor-^ * pnncip c, 
re6Kng the aberrations of fphe/icity, by compofing an objeS . 
glafs of glafs and water. Was it not the illuftrious Euler, to which he was 
who, reflecting on the (truCture of the eye, fafpefted this or- «- 
gan was compofed of different mediums for the purpofe of de- ftrufturc of the 
ftroying the confufion produced by the decompofltion of light eye# 
when it traverfes a Angle medium ? And did he not publifh 
in the Memoirs of Berlin and of Poterfburg, that fublime idea, 
which accorded with the fyftem of perfection he aferibed to all 
the works of the Supreme ? It is true, the inutility of this cor- Though the 
reClion of the aberrations for the fphere of diflinCt vifion, from *^"5 
the (hortnefs of the form of the eye, may be objected to Euler's ftnlfture Vthc 
hypothecs : but this makes nothing againft his claim to the dif-cyc not nwef. 
covery, to which hejwas led by it. Neither had this happy ^ 

idea that fuccefs at the time, which might have been hoped his idea negleft- 
from it ; partly becaufe the theory of this great geometrician bccaufc hit 
was founded on laws of refraCtion purely hypothetical; pw“tly ptthctiafjwd^ 
becaufe it was repugnant to the affertion of Newton, that, contradiaory to 
when light traverfes feveral mediums of different natures, 
that the emergent rays are parallel to the incident, the light is KlingcnlRcrn 
not decompofed. It is well knov^, that the learned Klingen- exprediid his 
ftiern, in 1755, exprefled hU doubts of the laws of refraCtion ton’Haws 
advanced by Newton : and that thefe doubts were confirmed refraction; 
in 1759, by Dollond's experiments on crown and flint glafs, Dollond 
which firft exhibited to the learned colourlefs prifms, doubts!^ 

It was in the beginning of 1774, that I read to the academy Rochon pro- 
a memoir, in which I propofed to improve achromatic objeA 
giaffes by the interpofttion of a fluid betw^een the two lenfes of 5JJ[[poundSl** * 
crown and flint glafs which compofe them; Borda, le Gentil, and ^ by 

Calfini, were appointed a committee to repeat my experiments. fluid‘be^twfca 
They obferve in their report, that, in an objeCt glafs of three the pieces, 
lenfes, if there be a difference of a thoufandth part of a line I^^porc of Borda 
between the curvature of the centre and that of the edges of 
. each furfece, a fenfible imperfection in the image of the objeCt 
will be the confequence. But the mere heat of the workman's 
hand, in giving the glafs the flniflung polifh, is capable of di- 
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latixig it fen^ly, fo that the difficulty of not producing fotnd 
inequalities of curtalure in large glaffcs muft be very great. 
Perhaps it is Impoffible to avoid this imperfe6fion, but it may 
be corrected ; and our colleague affirins, that the cffedl of the 
iniperfedlions of the four interior furfaces of the three glalTes 
may be dimimfhed confiderably, by the introduftion of a dia- 
phanous fluid between them. Experiments alone can decide 
the fa6l. We took therefore an achromatic telefcope three 
feet long, the aperture of which was about three inches. The 
two lenfes compoflng the objedl glafs, being about half an inch 
diflant frota each other, we introduced between them a thin 
Bohemian glafs not wrought. In this (late it is obvious the 
telefcope muff be very bad ; and according!), on dire6ting it 
to fome writing, we were obliged to bring this within eleven 
yards and half of it, to diftmguiih the letters. Having then 
poured pure water between the obje£t glafles, fo as to fill the 
intervals between them, we found the letters not more diflicult 
to be diflinguiflied at the difiance of fixt)-two }ards. We 
might have pursued our experiments fiirlher, but this was 
fiifflcient to eilablifh the principle, which was all we had^m 
view.^^ 

At this time I w^as ordered to Bred, which put a flop to my 
purfuit. In my memoir I had advanced, that the confufion 
anfing from the irregularity of the glafs of a telefcope, was to 
of die ij^terpufed the confuflon which takes place when the glafs is immerfed m 
fhe^mc'wdf * rcfradion the glafs is to the difference of 

thaiV the glafs, rcfra^ion between the glafs and the fluid: confequcnlly, if 
the fluid have the fame refrain e power as the glafs, no altera- 
Water reduces tion in the didinClnefs of the ohje6t will be perceptible ; but if 
the confufioii to g|af^ be immerfed in water, the confuflon wnll be about a 
feventh only of what w ould ha\ e taken place, bad the objeft 
been feen directly through the irregular glafs. This calcula- 
tion, It is true, fuppofes the glafs to be in perfe6l contact with 
the fluid ; bu\ there are obvioofly many caufes by which this 
contadt may be influenced. It may have been owing to fome 
hut oi)| though fuch caufe, that ofl, the rcfiadive power of which differs lefs 
neatM thatdf found by experiment not to anfwer fo 

flafs, does not well as water, for wilting, which was legible at the diflanee 
of 130 feet when water was employed, could be read only at 
eighty-eight feet when oil was interpofcd between the glafles 

♦ On this fubjedt, ice Philo£ Journal^ 4to, QQO. 

5^ By 
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By the Regiflers of the Xcademy of Sciences^ January the 
6th, 1788, it appears, that Gmteloup adopted the fame ine« t!^ 

thod. He did not make^ufe of a fluid interpofed between the 
• glafles, however, but of maflic. This fubflance had long been 
il¥ ufe among jewellers, for cementing together flones, which 
it did in fuch a way, that it was fcarcely polEble to diftinguifli 
the two fo united from a Angle ftone ; and hence Grateloup 
conceived, it would render his object glafles as it were one 
folid piece, without being liable to evaporation like a fluid, ' 
while it correfted the errors of their interior fuffiiceS. Glafles But change of 
cemented together with maftic, however, do notanfwer, the* fca*air, 
leai^ for fea voyages, as change of temperature, and the fea injure maftic. * 
air, afle£t the maftic very much. On this account I have pre* Refin therefore 
ferred refin, and even turpentine the moft fluid and tranfparent “ 

1 could get. Chemifts perhaps may find fubftances ftill pre- 
ferable to thefe, and it is an objed certainly worthy their at- 
tention. Dr. Blair tried a great number of foliations of metals Dr. Blair trieU 
and femimetals, and he fays, that certain laits. Particularly 
fal ammoniac diflblve^in water, give it a confiderable power falts, and oxl- 
of difperfion. The oxigenated muriatic acid, too,^ polfelTes 
this quality in a great degree; but butter of antimony has afiderablepom* 
ftill greater effect, for one prifm of this is equal to three 
crown glafs of fimilar dimenfions. Dr. Blair conftruded an antimony M 
objedl glafs with crown glafs and butter of antimony, but mo^hut 
obferved, that it occafioned irradiations, which led him to 
prefer oil of turpentine or other eflential oils whence he |«e- 

The ufe of achromatic glafles applied to graduate circles or 
fegments of circles for meafuring angles, and the defeats to 
which inftruments of this kind are liable, may be pafled over 
as not to the prefent purpofe, which is the beA mode of mea-* 
faring very fmall angles. 

Buftbn, who had paid feme attention to the formation of Buffbn fuf. 
rock cryftals, finding no indication of a double reftaftion in the 5^yci«faftipn 
experiments which I made on that of Madagafcar, in 1770, of the rock cryf- 
thought tbb tranfparent quarter to be of a difieieot nature from 
the other cryftals ; but before he made iip his mind bn the fub* bmoYcriooM# 
Jed, he defired me to examine it afteib with a view to this * 

property. 

e An ample abridgement of Or. Blur's paper b giveai Phil. 

Journal, 4to, 1. 1. 

Vox.. IV.— Fkbruarv. 
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pub- 

n^ed a curious 
vrork on the 
refra^ion of 
cryilals. 

Huygens mif • 
taken in calling 
the refra^ion 
irregular ; 

as it uniformly 
depends on the 
internal ftruc- 
toreof the 
cryltal. 


Beccaria cut 
nock cryftal in 
different direc- 
thms} 


whence he ob- 
tained certain 
laws of their 
refradlion. 
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It may not be improper here* to give a brief abllraft of a 
very curious work, which Beccaria publithed in Italian about 
this time, as 1 learned from It the direftion in which it was 
necelTary to cut my prifms, to be certain of obtaining the ef- 
fedls I fought. Huygens, fays Beccaria, who treats very fully 
on the double refraction of Iceland cryftal, adds, that rock 
cryftal pofleffes the fame property, but in a lefs fenfible degree. 
I faw that the refraCtion which Huygens calls irregular, bears 
a conflant relation in the Iceland cryftal to its internal ftruc- 
ture ; for the efteCt of this refraClion is to divert the rays in the 
direction of the faliant angles, which are equal in the whole 
piece, and in each of its component parts. From infpeCting 
the figure of rock cryftal, I inferred its internal ftruCture. In 
fact, I conftdered it as fimilar to artificial cryftallizations. 
formed by the aggretation of little laminas parallel to the faces 
of the cryftals. SufpeCting Huygens of inaccuracy in aftert- 
ing, that prifms of rock cryftal had always a double refraCtion, 
whatever their feCtions were, I cut a giece of rock cryftal, qf 
a very irregular figure, in the direction of its axis, and lb as 
o divide two of its oppofite faces into two equal parts. I 
cut another likewife in the direction of its axis, but fo that the 
feCtion palTed through the fummits of two oppofite angles. A 
third afforded me triangular prifms, one of the faces of which 
was one of the faces of the cryftal itfelf, while each of the other 
two faces terminated on one fide at one of the contiguous an- 
gles, and on the other a\ the axis of the cryftal. A fourth 
was divided into equilateral prifms, two of the faces of which 
were equally inclined to the axis, and the third was parallel 
to a plane continued through the axis. From the obfervatious 
made with thefe prifms, I obtained a very fimple law, of which 
Newton fays nothing, and the contrary of which is advanced 
by Huygens. 1. That the doable re(raCtIon does not fabfift 
in all the Mifferent prifms that may be cut from rock cryftal, 
2. That the ray of light which traverfes rock cryftal in a place 
perpendicular to the axis undergoes two refractions, is divided 
into two, and gives two images, if not completely yet fepfibly 
diftinCt. 5. That this diftinCtnefs of the two tdlages ^mi- 
nifties in proportion as the direction of the ray approaches to 
that of the axis of the cryftal. 4. That the double refraftion 
and difperfion of the two images oeafe entirely, when the 
direction of the ray is parallel to the axis, or nearly paralIet|o 
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it. Hence it folloivs, that in cutting a lens of rock cryflal for 
optical purpofes we^mafi take pieces parallel to the bafe of in the dl- 
the cryiiah fo that the axis of the lens coincides with that of re^oaoX its 
^he cryllah or is at leail parallel to it. Thus far Beccaria. 

When we would apply to practice this properly in rock Aprirmofrack 
cryiial of doubling the images of objects, the colours thatarifc 
from the prifmatic figure neceflaty to be given to it muft be of gUfi : 
correfied by a glafs prifin, or the images will not appear well 
defined. Thefe two prifms united together may be called a the two forming 
double rtfra^ing achrm^jitic medium, but in this ftale it 
ferve only to meafure the fmall angle given by the double re- medium. 
fradUon: yet it is eafy to conceive^ that on applying two inftrument for 
double lefradting mediums one on the other, we may vary the mcafuring fmall 
effeS of the double refradion at pleafure by a circular move- of ^ of th^^ 
ment, as in the infirument for meafuring colours which I laid mediums, 
before the Academy. Thus this double refraftion, which has 
been deemed detrimental to the confirudiion of optical inflru-* 
ments, is in fa£t advantageous for the roenfuration of fmall 
angles, as 1 convinced the Academy, February the 25th, 

1777, by an infirument confiruded on this principle, which 
gave the meafure of fmall angles with a degree of preclfion, 
for which we could fcarcely have hoped. This infirument, lu defea* 
however, had the inconvenience of giving four images of one 
objed, which occafioned a confiderable lofs of light ; and the ^ 
lefs Jight we have, the lefs the accuracy with which the point 
of contafl can be obferved. 


Endeavouring to remedy this imperfeAion, I foon difeo- This remedied 
vered a more Ample conftru^lion for, the infirument, which I 
laid befofe tlie Academy the fame year. In this only one moyeabie along 
double refraAing achromatic medium is required, which igthe axUof th« 
made to move along the infide of any tdefcope in the axis of^*^ 
the object glafs. The value of the double refra£t|on is firft to 
be determined by experiment, as in the former micrometer, 
the achromatic medium being placed a^di^ the objed glafs. 

It is then to be moved from the object glafs toward the eye 
glafs. The angle jof the double refradipn will now be wliat * 

it was in the former fituation, but the leparation of the images 
Will be in the ratio that the difiance of ike refrafitive medium 


from the focus bears to the focal ^fiance. Supfmfe for ex- 
ample file dpubte refradion to be twenty-one minutes, and the 
foc^ difianae of the obje£k glafs to 1^ three metres : if the 

1 2 , achromatic 
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achromatic medium be brought nearer by two thirds of this 
diftance, the double refradlion will occafion only a reparation 
Mode of ufing of feven minutes between the images. Thus if we wouhJ ^ 
thin micrometer, meafure the diameter of an obje£t> w^e muft move the achry,- 
matic medium toward the focus, till the two images of the 
objeft are feen precifely in conta£l ; when, having the angle 
of double refraction given, by previous experiment, the focal 
diftance of the objeCl glafs, and the diftance of the achromatic 
medium from the focus, the diameter will be given by the rule 
of proportion. It is obvious, that great care mull be taken in 
determining the angle of double refraftion at firft with prect- 
fioii, as on this will depend the accuracy of all fubfequent 


mcafures with the inllrument. 

Having thus improved the conftruClion of this micrometer, 
I found that the glafs prifms, intended to correCl the difper- 
fion of the prilm of rock cryilal, left a refraClion more and 
more perceptible in proportion as the double refraCling medium 
The inftrument vvas Carried farther from the eye glafs. • I then availed myfelf 
farther im- of BeccarWs difeovery, and cut my two prifms fo that the firft 
SwVprifaM ©r* dircClion of the double refraClion, and the fecond 

xock in that in which the double refraClion is not perceptible : by 

thefe means I had a double refraCling medium abfolntely ex- 
empt from colours and refraClions. I did not Hop here, for I 
was defirous of extending the efteCl of the double refradlions 
fo as to meafure the diameter of the fun; and I accomplilhed 
this, which appeared to exceed the known power of the dou- 
ble lefraClion of rock cryftal, which does not go beyond 
twenty minutes, when it is cut in the moft advantageous prif- 
matic lhape. For this I employed two equal prifms, cut in 
the direction moft fuitable to my purpofe ; and on placing 
them in oppolite directions I found, that the doable refiraCtion 
was not perceptible ; but on reverfing their directions the 
double refraction of each prifm was nearly doubled, fo that I 
obtained two images feparated by an interval of forty minutes. 
Thisinitrame: t I ought not to omit, that in this new conftruCtion there are 
CO exc- difficulties of execution not eafy to furmount, which may. have 
been one reafon why thefe inftruments, fo ufeful to navigators 
and in certain very nice aftronomical obfervations, have not 
Hence the au- been adopted. This induced^ me at length to adopt Euler's 
himfcffof conftruftion of achromatic objeCl glafles I 

£ulcr'^ method. found I could increafe or diminiih the abfolute effeCt of the 

.3 doable 


in oppohee di* 
xeftkms. 


TheelTeaof 
die double re- 
fraftion dou- 
bled. 


by means of 
two e<}ual 
prtfnu. 
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double refraflion within c^tain limits, by means of the inter- double refrac- 
val between the glafTes qf difi^ing refra6ling powers : the 
reparation of the images at the focus beipg fo much the interval &tweta 
|;reater, as the interval is larger, when the flint glafs is the ^ 

dfrft of the objefl glaffes ; apd lefs, when it is the fecond. Slnt^gJaA^ 

Conformably to thefe new principles I have had two tele- the re- 
fcopes with a double refraSing medium conftrudted under my ^ 

own infpedlion, which General Gantheaume will employ for 
determining the pofltion of hU ihips, and to And whether he 
be approaching any he may meet with at fea *. 

The ufes of an inflrument for meafuring very fmall angles 
with precifion are too well known for me to deferibe its ad- 
vantages. The officers of the Englifli navy are fo fully aware 
of them, that they have ufed for fome years Ramfden's eye Defeats of 
glafs micrometer, though thisanfwers the end but imperfedly, ^“J"***®”’* 
becaule it does not give the mealure of the angle, and becaufc ter. 
of the bad efledt of the parallax produced by the decuffafion of 
the rays that enter the eye. This defefl is more fenfible in 
Ramfden’s eye glafs an icrometer than in Bouguer's. heliometer. 

The officers who have compared my inflrument with Ramf- 
den’s, of which there were feveral on board the Spanifli fliips 
with our Breft fleet, agree that the celebrated Englifh artift 
has very imperfedlly accompliflied the objeft he propofed ; and 
Bouguer’s heliometer could unqueflionably be preferable for Bouguer*s he* 
naval ufe, becaufe it has a lefs fenfible parallax, and gives 
meafure of fmall angles, fo impoiitant for determining the dif- 
tancesof (hips from their known dimenfions. 

Table of the proportions which the magnitude of an ol^e£t bears 
to its difiance : calculated according to the ride, which is eaftlj/ 
demonfirated, that, in everj^ right angled triangle, the tangent i> 
to the radius as the magnitude qf an ohjeSt is to Us difianep from 
tlie centre qf the eye, when, under an angle known, the difiance 
forms a right angled trumgle with the obje&, 

* The General has made an advantageous report of this inffni- 
ment, in his account of the chace of the Swiftfure, which he cap* 
tured. This inflrument is fo difficult to execute, that I know only 
one perfon. Citizen Narci, who is capable of giving rock ctyftal only one periba 
the prifmatic form in the proper dlrefbon for obtaining the double capa- 

refraftions neceflary to the goodnefs of the micrometer. Ho has tbis^mkromw 
ii^ade feveral, which have given me perfe^ fatiifaftion* 

EXAMPLE. 
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EXAMPLE, 

General formula Suppofe the angle be meafared under which we perceive 
an obje6l of the magnitude of one toife, placed vertically fo 
as to rcprefent the tangent, ,the rddius of which is the diftanct 
from tlie eye ; if this angle be of 30' we fliall have the follow- 
ing proportion : the tangent of 30' is to the radius, as one 
toife is to the diAance, By the tables of logarithms we fliall 
have this diAance by fubtrafting from the logarithm of the co- 
finc the logarithm of the tangent of 30', which is 7.91*0858 : 
the logarithm refultin^ from this fubtraflion is 2.05914-2 ; and 
the number anfwering to this logarithm is 1 1 1-.6 nearly ; con- 
fequently the diAance from the eye to the obje61, the magni- 
tade of which is fuppofedtobe one toife, is lit toifes fix 
tenths ; but in the ufe of the inArument fra6lions may be neg- 
lected. 

It is proper to obferve, that in meafuring fmall angles the 
triangle need not be perfectly reCtangiilar : the objeCt may fen- 
fibly vary from the perpendicular, without a perceptible dif- 
ference in the angle. 


QUESTION I. 


MoH€ of 4ctcr- 
mtning by the 
mierom^r the 
diftance of an 
objedt of known 
magnitude. 


The magnitude of an object being known, to determine its . 
difiance. 

For this purpofe the two images of the objeCt produced by 
the prifms are to be brought into contaCt, by moving the index 
along the axis that carries them. This rule has two diviAons, 
one Aiewing the minutes and feconds, the other the propor- 
tion between the diameter of the objeCt and the diAance. 
Suppofe the object I look at is a man : the mean height of a 
man with his hat on may be eAimated at Ax feet. Having 
difpofed the prifms and telefcope fo that the two images are 
in one vertical line, I move the index till the feet of the upper 
image come into contaCl with the fummit of the lower : if now 
ti\e index point at the number 34-4, I conclude that the dif- 
tance of the man from my eye is $44- times fix feet, or 344 
toifes. The fecond^divifion will Aiew, that the angle under 
which I fee the man is 10', By this method the meafure of a 
diAance may unqueAioftabiy be obtained with great precifion, 
but there are many cafes, in which this great precifion is not 
necef&ry. 
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Ships^ buildings in whlcb certain rules little liable to varia- 
tion areobferved^ and thcdim^fions of different animals, may 
ferve to give this diffance. By means of fuch objed^s I have 
often determined inacceffible diftaWceS with truly filrpriiing 
'>^clerity, by means of a portable telefcop^twith prifms, which 
requires no fupport for taking angles. When greater accu- 
racy is required, objefls of which the diameter is well afcer- 
tained muft be employed. 

If Irghthoufes had on them a croft of fisced and known di* Crofles of known 
menfions^ it would thus be of great fervice to navigators : “ 

for by the angle of the per{)endicu]ar piece, giveti by this would be of 
micrometer, the diflance of the (hip from the lighthoufe would ^ 

be afcertained ; and by that of the horizontal piece would be 
known the portion of the (hip with refpe6t to the coafi. 


QUESTION II. 


The dijtance of an object being given, to determine its magnitude. 

This is precifely the reverfe of the preceding. The magnitude 

of an objeft de- 

•question hi. 

The magnitude and dijtance of an ohje^ being unknown, to deter^ known. 
mine ffotli. 


Suppofe the obje^ makes an angle of i(y with my eye ; as Method of dc- 
this angle will increafe in regular proportion as the diftance is 
diminifhed, I approach the objed till the angle is 41', a dif- diftance^ where 
ference which will be fufficient |n ordinary cafes. If I find 
the diftance between tile two ftations, on meafuring it, to be 
a hundred toifes, I (liall obtain the whole diftance by multi- 
plying this by the number of minutes of the larger angle, and 
dividing the product by the difference between the two an- 
gles, which will give in this inftance 4^100 tbifbs. Tbtfdif- 
tanCG being thus obtained, the magnitude of the object will 
be found by dividing 4100 toifes by 8Sf, the nttmber aniWer- 
ingto41^; which will give the magnitude fofty-nine toifes 
feven inches nearly. 


XL Objifvations 
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Ohjkrvations on the iwo hiify d^e&ttred cdijtial Bodies, 
William Herschsl, XX. D. F, B, S. 

Thft moving fttr In my early account of the moving ftar difcovercd by 
^ute.^* ** Piazzi, I have already (hewn that it is of a remarkably fmall 
fize, deviating much from that of all the primary planets ♦. 

It was not my intention to reft fatished with an eftimatbn of 
the diameter of this curious objedt» obtained by comparing it 
with the Georgian planet, and, having now been very fuc- 
ceftful in the application of the lucid diik micrometer, I (hall 
relate the refult of my invefiigations. 

Another difco- But the very interefting difcovcry of Dr. Olbers having in- 
troduced another moving ftar to our knowledge, I have ex- 
tended my refearches to the magnitude, and phyfical con- 
ftru61ion, of that alfo. Its very particular nature, which, 
from the obfervations I (hall relate, apjpears to be rather co. 
metary than planetary, will poiHbly throw alfo confiderable 
light upon the circumftances belonging to the other celeftial 
body; and, by that means, enable us to form fome judgment 
of the nature of both the two laft difcovered phenomena. 

As the meafures I have taken will oblige me to give a refult 
which muft appear extraordinary, it will be highly neceflary 
to be particiilar in the circomftances of thefe meafures, and to 
mention the condition and powers of the telefcopes that were 
ufed to obtain them. 

M^gnitudo of the new Stars. 

Obfcfvttio»i<m April 1, 1802. Having placed a lucid dilk at a con^der- 
wth diftancc from the eye, but fo that I might yicw it with 

aide. perfe6t diftindfaiefr, I threw the image of Mr. Pia^zi^s ftar, 

7.Aet wBcftor. feen in a 74eet refte£h>r, very near it, in order to baye the 
preceded piAure of the ftar and the lucid difk fide by |ide, 
that I might afeertain their comparative magnitudes. I foon 
perceived that the length qf oay earden would not allow me to 
remove the dift-micrOmeter, wnich mull be placed at right 

e By eompming its apparent dill ^th that of the Georgian pla- 
net, ft was ^iiia|ed> that the ita^ diameter of thia new Ibr eenkl 
iM aan>i)iit to |)uree-eightbs of that of onr moon. 

angles 
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angles to the telefcope, fat enough to make it appearno Iai]ger 
than the ftar not having diiks of a lefs diameter prepared, 

I placed the fmallelt I had as far from me as tlie lituation of 
the ftar would allow. Then, bringing its image again by the 
\fide of the diflc, and viewing, at the fame time, with one eye 
the magnified ftar, while the other eye faw the lucid diik, I 
perceived that Ceres, which is the name the difcoveret has 
given to the ftar, was hardly more than one third of the diame* 
ter of the dilk, and certainly lefs than one half of it. 

This being repeated, and always appearing the fame, we 
(hall not under-rate the iize of the ftar, by admitting its dia- 
meter to have been 45 hundredths of the lucid difk. 

The power of the telefcope, very precifely afeertained by Power 370,4a. 
terreftrial geometrical meafures properly reduced to the focus 
of the mirror on the ftars, was 370,42. The dlftance of the , ^ 
lucid difk from the eye, was 2131 inches ; and its diameter 3,4 
inches. Hence we compute, that the di(k was feen under an 
angle of 5 ' 29'', 09 ; and Ceres, when magnified 370 times, 
appearing, as we have (hewn, 45 hundredths of that magni- Diameter of Oi- 
tude, its real diameter could not exceed 0'',40. Had this dia- ® 
meter amounted to as much as was formerly eftimated, the 
power of 370 would have made it appear of 6' 10'', which is 
more than the whole lucid di(k. 

This extraordinary refult raifed in me a furpicion, that tlic 
power 370 of a 7-feet telefcope, and its aperture of 6,3 inches, ^ 
might not be fufficient to^ (hewi the planet’s feeble light pro« 
perly. I therefore adapted my 10-feet inftrument toobferva- 
tions with lucid difks ; which require a different arrangement 
of the head of the telefcope and finder : I alfo made fome 
fmall tranfparencies, to repreient the objeQ I mtend|d to _ 
meafure. 

April 21. 71, le night being preUy cle^r, though perh^.s «. Obicrratioa 
not quite fo proper for delicate vifioh 1 ^ I coulTd have wilbid, 

1 directed my 10-feet reflector, with a magni)[ying power of fifOor. Puwer 
516,54, alfo afeertained by geometrical terreftrial tqeafures 
reduced to the focus of the infirument on celeliial obje6ts^ to 
Mr. Piazzi’sftar, ^d compaied ii witfi a lufid di(k, placed at 
14B6 inches from the eye, and of 1,4 inch in diameter. 1 varied 
^tl^e difls^ice of the lucid 4i% and fi}<;ed at laft on 

almvihmenUoned ciiCr wtbf i^ft There was, 

. hewem. 
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Haiineff. however, a hazirrefs about the ftar/ which refembled a faint 
coma; and this, it may be fuppofed, muft render the meafure 
lefs fatisfa6lory than it would otherwife have been. 

Diameter of Cc- From thefe data we compute, that the di(k appeared to the 
r« o ,38. natural eye under an angle of 3' I4'',33 ; while Ceres, when/ 
magnified 5 l 6 f times, was feen by the other eye of an equal 
magnitude ; and that confequently its real diameter, by mea- 
furement, was only 

3. Obfervation April 22. 11 *^ 38 ^ fiderealtime. - 1 ufed now a more perfect 
rcpcated^on^t^®* final 1 mirror; the former one having been injured by long 
flexor, new Continued fnlar obfervations. This gave me the apparent 
fmall mirror j diameters of the ftars uncommonly well defined ; to which, 
perhaps, the very favourable and undifturbed clearnefs of the 
atmofphere might contribute confiderably. 
power 88i>5i j With a magnifying power of 881 , 51 , properly afeertained, 
like thofe which have been mentioned before, I viewed Dr. 
01bers*s ftar, and compared it with a lucid dilk of 1,4 inch in 
diameter, placed at 1514 inches from the eye, meafured, like 
badobf. the reft of the diftances, with long deal**ods. The ftar ap- 
peared to me fo ill defined, that, aibribing it to the eye-glafs, 

I thought it not advifeable to compare tlie objeft, as it then 
Power changed appeared, with a well defined lucid dilk. Exchanging the 
5*^1* glafs for that which gives the tclefcope a magnifying power of 
Pa//jSf ^ 5 16 J, 1 found Pallas, as the difeoverer withes to have it called, 

better defined ; and faw, when brought together, that it was 
confiderably lefs in diameter ftan the lucid dilk. 

In order to produce an equality, I removed the ditk to 
1942 inches; and ftill found Pallas confiderably lefs than the 
difle. 


power 88 i>51 ; 


fmiller than Cc- Before I changed the dtftance again, I withed to afeertain 
whether Ceres or Pallas would appear under the largeft angle, 
efpecially as the air was now more pure than lafl night. On 
comparing the^diameter of Ceres with that of the lucid dilk, I 
found it certainly lefs than the dift. By proper attention, and 
continued examination, for at Icaft an hour, I judged it to be 
neatly | of the lucid dilk. 

Then, iP we cateuiatc ay before, it appears by^this obferva- 
tion, in which there is grdat reafoh to place confidence, (hat 
(he angle under which this ftu^appieared, was only 0'',a2. 
For, afociddift' 0 ft, 4 ^inclrdfiitt 0 ter,atttiefKftftneeof 19 ^ 
^ inches. 
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inches, would be feen undtr an angle of Of 28", 7 ; three qaar* Excellent rcfult 
tefs of which are l'5r,52. This quantity, divtdbd by the ****”• 

power 516,54*, gives 0",2t59, or, as we have given it 
abridged, 0",22. 

^ 13** 7'. I removed the micrometer to the greateft conve- 
nient diftance, namely, 2136 inches, and compared Dr. 

Olbers’s ftar, which, on account of its great altitude, I faw 
now in high perfeSion, with the lucid difk. It was, even at 
, this difiance, lefs than the diameter of the difk, in the propor- 
tion of 2 to 3. 

When, by long continued attention, the appearance of Pallas 
was reduced to its fmalleft fize, I judged it to bear no greater 
proportion to the diameter of the lucid difk of the micrometer, 
than as 1 to 2. 


In confequence of ihefe meafures, it appears that the dia-Diam. of Pallis 
meter of Pallas, according to the firft of them, is O", * / ; and^° ''*^’ 
according to the lafi, where the greatefi pofiible difiindnCfs 
was obtained, only 0",13. 

If it fhould appeaf almoft incredible that thele curious ob- Pvoof by the - 
je6ls could give fo fmall an image, had they been fo much tha?^thc^pow^ 
magnified as has been reported, I can fay, that curiofity led of the telefcope 
me to throw the pidlure of Jupiter, given by the fame tele- 
fcope and magnifying power, on a wall at the difiance of 1 3 1$ 
inches, of which it covered a fpace that meafiired 12 feet il 
inches. I do not mention this as a meafure of Jupiter, for the ^ 
wall was not perfectly at right angles to the telefcope, on which 
account the projefted image would be a little larger than it 
ihould have been, nor was 1 very attentive to other necef&ry 
minute circumfiances, which would be required for an aocu^ 
rate meafure ; but we fee at once, from the fize of this pidure, 
that the power of the telefcope exerted itfelf to the full of what 
has been fiated. 

As we generally can judge befl: of comparative inagnitiide^. Rough cimpu. 
when the meafures are, as it were, brought home to us ; it will 
not be amils to reduce them to miles. This, however, cannot bodies In miles: 
be done with great precifion, till we are more perfectly ac- 
quainted with the elements of theotbits of thefe fiart. But, for 
ourprefentpurpofe, it willbefuffitti^ly accurate, if we admit 
their mean diftances irom the fiin, as the naoft recent informa- 
tion at 'prefent fiaites them $ for Ciiaes 2;6024 ;' and for Pallas 
9,3. The geocentric longitudes and north latitudes, at'the time 

of 
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of obrcrvatlon, were, for Ceres, ebout ng 20^ 4', 15* 20' j 
and for Pallas, njj 23® 40', 17® 30', With thefedata, I have 
calculated the diftances of the fiars from the earth at the time 
of obfervation, partly by the ufual method, and, where the ele- 
ments were wanting, by a graphical procefs, which is 
ciently accurate for our purpofe. My computed diftances were 
1,634 for Ceres, and 1,8333 for Pallas ; and, by them we find, 
that the diameter of C^res, at the mean diftance of the earth 
from the fun, would fubtend an angle of 0^',35127 ; and that, 
confequently, its real diameter is 161,6 miles. 

That of Cdtt It alfo follows, that Pallas would be feen, at the fame dif- 
the fun, under an angle of 0*^,3 199 ; and that its 
MiHchatofPtlUt^^^l diameter, if thelargeft meafure be taken, is 147 miles; 
147 or tjoi but, if we take the moft diftindt obfervation, which gives the 

* * fmalleft meafure, the angle under which it would be feen from 

the fun, will be only 0'*,2399 ; and its diameter, no more than 
1 10} miles. 

0/ Satellites* 

Ixamiiiation for After what has juft now been fhewn;' with regard to the 

SiSlites"* ^ reafon to ex- 

pert that they ftiould have any fatellites. The little quantity 

of matter they contain, would hardly be adequate to the re- 
Konc were tention of a (econdary body ; but, as I have made many ob- 
ifccrtaincd. fervations with a view to afeertain this point, it will not be 
amifs to relate them. 

Feb, 25, 20-feet reftedof. There is no fmall ftar near 
Ceres, that could be fuppofed to be a fatellite. 

Feb. 2S. There is no fmall ftar within 3 or 4 minutes of 
Ceres, that might be taken for a fatellite. 

March 4. 9*^. 45'. fidereal time. A very fmall ftar, fouth- 
preceding Ceres, may be a fatellite. See Plate V. Fig. I. 
where C is Ceres, S the fuppofed fatellite, abedef, are de^ 
lineation ftar^ c and d are very fmall. S makes nearly a 
right angle with them ; e i^ larger tlum either c or d. There 
is an extremely faint ftarj^ between «f.and d. 

14*^. 16'. Ceres has left the fuppofed fatellite behind. 

March 5. There are two very 1‘raall ftars, which may be 
fatellites; fee Fig. 2. where they are iqarked, 1ft S, 2d S. 
The reft, as before, are delineation ftars. 

March 6. The two fopppfed fatellites of laft night remain 
in their fttuation, Ceres having left them far behind. 

lO** 
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I0\ \6\ There is a very fmall flar^ like a fatellite, about 
76^ fouth-following Ceres. See Fig. 3. It is in a line from 
C to i of lad night. 

\ 11k. 20'. Ceres has advanced in its orbit ; but has left the 
fuppofed fatellite behmd. 

March 30. 9^. 35^. A fuppofed ift fatellite is direCUy fol- 
lowing Ceres : it is extremely faint. A 2d fuppoled fatellite 
is north-following. See Fig. 4. The fuppofed fatellites are 
fo fmall, that, with a 20-feet telefcope, they require a power 
of 300 to be feen ; and the planet flieuld be hidden behind a 
thick wire, placed a little out of the middle of the field of 
view, which mud be left open to look for the fuppofed la- 
te] lites. 

12^ 17'. Ceres has changed its place, and leftboth the fup- 
pofed fatellites behind. 

March 31 . 9^^ 20', There is a very fmall dar, on the north- 
preceding fide of Ceres, which may be a fatellite. 

11*^50'. Ceres has moved forwards in its path; but the 
fuppofed fatellite remains in its former fituation. The neared 
dar is 20^' of lime from Ceres ; fo that, within a circle of 
of time, there certainly is no fatellite that can be feen with 
the fpace-penetrating power of this indrument. 

It is evident, *thBi when the motion of a celedial body is fo 
confiderable, we need never be long in doubt whether a fmall ^ 
dar be a fatellite belonging to it, fince a few hoots mud de- 
cide it. 

May 1 . 1 2^ 5 r. I viewed Pallas with the 20-feet reflefior, 
powe^ 300; there was no dar within 3', that could be taken 
tor a fatellite. 


Of the Colour qf the new Stars, 


Feb. 13. The colour of CerCi is ruddy, but not very deep* Cerea Is of a 
April 21. Ceres is much more ruddy than Pallas; • 

April 22. Paltaj is of a duiky whitifii colour. white. 


0/ the Appearances qf the new Stars, with regard to a Dijk, 

Feb. 7. Ceres, with a magnifying power of 316f, Ihews The dlik of 
an ill defined planetary dift, hardly to be didihguifh^ "from 
the furrounding hazings. 

^ Feb. IS. Ceres has a vifible diik. 

April 
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Pallas is not a 
Ai/k but a nu- 
cleus. 


Ceres has moft 
frequently a co 
na (perhaps 
cffedcd by the 
inftiumentf or 
nore probably 
by the actno- 
Iphcrc.) 


April 22. In viewing Pallas, 1 cannot, with the utmott 
attention, and under the moft favourable prefent cireum* 
tlances, perceive any fiiarp termination which might denote 
a difk*; it is rather what I would call a nucleus. 

April 28. In the finder, Pallas is lefs than Ceres. It 
alfo rather lefs than when 1 firA law it. 

Of the Appearances of the new Stars, with regard to an Atm» 
fphere^ or Coma. 

April 21. 1 viewed Ceres for nearly an hour together. 
" There was a hazinefs about it, refembling a faint coma, 
which was, however, eafily to be difiinguifhed from the body. 

April 22. I fee the difk of Ceres better defined, and fmaller 
than 1 did iaft night. There docs not feem to be any coma ; 
and 1 am inclined to aferibe the appearance of lafi night to a 
deception, as I now and then, with long attention, faw it 
without; at which times it was always beA defined, and 
fmalleA, ^ 

April 28. Ceres Is furrounded with a Arong hazinefs. 
Power 550. 

With 51 6|, which is a better glafs, the breadth of thecoma 
.beyond the ditk may amount to the extent of a diameter of 
the drAs, which is not very lharply defined. Were the whole 
coma and Aar token together, they would be at leaA three 
times as large as my meafure of the Aar. The coma is very 
denfe near the nucleus ; but lofes itfelf pretty abruptly on the 
out Ade, though a gradual diminution is Aill very perceptible. 

April SO. Ceres has a viAbte, but very fmall coma about It. 
This cannot be feen with low powers ; as the whole of it to- 
gether is not large enough, unlefs much magnified, to make 
up a viAble quantity. 

May J . Tlie diameter of the coma of Ceres, is about 5 
times as large*as the difk, or extends nearly 2 diameters 'be* 
yond it. 

13** J9'. 20-feet rcAeSor ; power 477. The difk of Ceres 
IS much better defined than that of Pallas. The coma about 
it is confiderable, but not quite fo extended as that oT Pallas. 

May 2. 1S**20'. Ceres is better defined than 1 have gene- 
rally feen it. Its difk is Arongly marked ; and, when I lie 
it befi, the hazinefs about it hardly exceeds diM of the Aarsof 
an equal Azc. 


Memorandum. 
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Memorandum. This aby be ewJog to a particular djfpoii 
tion of the atmorphere, which (hews all the ftars without 
twinkling, but not quite fo bright as they appear at other 
times. Jupiter likewK'e has an extremely &int fcattered light 
about it, which extends to nearly 4 or 5 degrees in diameter. 

April 22. Pallas, with a power of 88 If, appears to be very Pallts it iil.de* 
ill defined. The glafs is not in fault ; for, in the day time, I nebulout 
can read with it the fmallefi letters on a melTage card, fixed 
up at a great difiance. 

13^ 17'. The appearance of Pallas is cometary ; thedilk, if 
it has any, being ill defined. When I fee it to the beft advan- ^ 

tage, it appears like a much comprefled, extremely final!, but 
ill defined, planetary nebula. 

April ;28. Pallas is very ill defined : no determined dilkcaa 
be feen. The coma about it, or rather the coma itfelf, for no 
fiar appears within it, would certainly meafure, at firfi fight, 

4 or 5 times as much as it will do after it has been properly 
kept in view, in order to diftinguilh between the hazinefk 
which furrounds if, and that part which may be called the 
body. 

May 1 . Pallas has a very ill defined appearance ; but the 
whole coma is comprefTed into a very (mail compafs. 

13^6'. 20-feet reflector 5 power 477. I fee Pallas well, 
and perceive a very fmall 4iik> vyith a coma of Ibme extent very (mall 8!fk. 
about it, the whole diameter of which may amount to 6 or 7 
times that of the diik alone. * 

May ,2. i3*>(y. 10-f(^t refiedor. A fiar of exadly the 
fame iize, in the finder, with Pallaf, viewed with 516f, has a 
different appearance. In the centre of it is a round lucid 
point, which is not vifible in Pallas. The evening is uncom^ 
monly calm and beautiful. I fee Fallas better defined than I 
have feen it before. The coma is contra^ed into a very nar- 
row compels; fo that perhaps it is little more ihnn the com* 
mon aberration of light of every fmall fiar. See the memo- 
randum to the obfervations of Ceres, May 2. 


On the Nature (ifthenev) Stars. 

. From Jke account which we heve now hefim us, a very Katuiv of the 
important queftron yvillurife, wbioh is. What are thefe nw 
ilan, are they planets, or are they comets ? Aivl, before we 

can 
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Critnrions of 
planets. 

U M^iucu4e« 

%» Orbitt nearly 
circular. 

p. Nearly in the 
pi. ecliptic. 

4* Motion dU 

5 . Satellitea or 

tings. 

6 . Atmofpherey 
not eztenfive. 

7 . Orbiu con- 
fideraWy afun- 
4er. 

Companfon ot 
Che new in 
chcfe refpedls. 


can enter into a pro^r^ff a^toation of ibe fubjedf it will he 
neceliary to laydown fome detinition of the meaning we have 
hitherto affix^ to the term planet. This cannot be difficult, 
fince we have feven patterns to adjuil our definition by. 
iliould, for in(lance> fay of planets, 

1. They are celeftial bodies, of a certain very confiderable 
Hze. 

2. They move in not very excentric ellipfes round the fun, 

3. The planes of their orbits do not deviate many degrees 
from the plane of the earth's orbit. 

4 . Their motion is diredt. 

5. They may have fatelHtes, or rings. 

6. They have an atmofphere of confiderable extent, which 
however bears hardly any fenfible proportion to their dia- 
meters. 

7. Their orbits are at certain contiderable diflemces from 
each other. 

Now, if we may judge of (hefe new ftars by our firft crite- 
rion, which is their iize, we certainly cannot clafs them in the 
lilt of plane Is : for, to conclude from the meafures I have 
taken, Mercury, which is the fmalleft, if divided, would 
make up more than 135 thoufand fuch bodies as that of Pallas,, 
in bulk. 

In the fecond article, their motion, they agree perhaps fuf- 
ficiently well. 

The third, which relates* to the fituatlon of their orbits, 
feems again to point out a co;tfiderable difference. The geo- 
centric latitude of Pallas, at prefent, is not lefs than between 
17 and IS degrees; and that of Ceres between 15 and 1^; 
whereas, that of the planets do^ not amoant to one half of that 
quantity. If bodies of this kind were to be admitted into the 


order of we ihould be obliged to give up the aodhtc ; 

for, b^ext^itig it to them, (houtd a few more of thefe ftars 
bedifcoverddi^fiili Ihrther and ftrftier deviating from the path of 
the earth, which Is unldto^, We might foon be Obliged to 
convert the whoj^ firmament into aodiac ; that is to fay, we 
ihould have none reft. 


In the fodirtfe ortide, which poSiitlrour the diredion ^ the 
' motion, thefe Atftt^ree with theplanets. ^ 


ji^ M 


(To be continued in our next) 
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Comparative Experiments and Obfenations on Myrtle Wax, Bees 
Wax, Spermaceti, Adipocire, and the Cryftidline Matter of 
biliary Calculi. In a Letter from John Bo stock, M,D. 


SIR, 


To Mr. NICHOLSON. 

• Liverpool, Jan, 2^, 


In the courfe of laft fummer, I was requefted by a friend, Enquiry con- 

who had received from America a quantity of the peculiar ve- ^ 

* , ^ * . t. le and uics of 

getable matter called Myrtle Wax, to give him fome informa- myrtle wax. 

tion refpeding its nature and properties, and the probable ufe 
to which it might be advantageoufly applied. For this pur- 
pofe I examined fcveral works on natural hidory and chemif- 
try, but I could only meet with a general account of the 
method employed for obtaining it, with a vague defeription 
of its phyfical properties. Refpedling its chemical analylis I 
could find nothing fatisfadtory ; even the elaborate work of 

Fourcroy contains little prccife information on this head I Scarcely men* 
« « ^ . .. tioned by Fottf- 

* Fourcroy, Syfteme des ConnoitTances Chimjques, tom. tii. gfgy, 

p. 339. 

VoL. IV. — March. K determined 
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Bur more fully 
by Cudct. 


Obvious proper- 
ties of myrtle 
wax. 


Habitudes wit^ 
reagents. 

Water hat no 
action. 


dclcrmined therefore to examine tkis point more accurately, 
and with this intention, the experiments of which I fend you 
an abdiad were performed. Some other fubje6ts however 
having at that time occupied me, 1 had almoft forgotten my 
analyfis of the myrtle w'ax, until in looking over the 13lft No/ 
of the Annales dt Chimie, I found that tiie fubjed had been 
treated in an ample manner by M. Cadet. This circumftancc 
induced me to recur to my Papers, in order to compare my 
experiments with thofc of M. Cadet; when I found that 
though his memoir contains a very complete account of the 
natural hiiiory of the fubftance, yet that my chemical analyfis 
was more minute. On this account I conceive, that if you 
have any intention ot inferting in your Journal * a tranflation 
of M. CadePs etlay, my communication nniy pro\e a ufcful 
fuppicmcnt. 

I am. 

Your obedient feivant, 

JOHN BOSTOCK. 

* 

DejeripiiOn and Jnalj/fis of Myrtle Wax, 

The peculiar fubftance obtained from the Myrica Cerifera 
of Linnoeus f , and w'hicb has obtained the name of myrtle 
wax, is a concrete body, of moderate hardnefs and confid- 
ence ; it has in part the tenacity of bees wax, though without 
its un<5tuo(ity ; along with this, it alfo potfetles, in fome de- 
gree, the brittlenefs of the refins. The colour of the myrtle 
wax is a pale green ; the (hades of the ditferent pieces are 
however fomewhat varied ; in motl of them, the green has a 
tendency to a dirty grey ; in others, it is ligliter, more tranf- 
parent, and of a ycliowifli tinge. Its fpecific gravity is about 
1,0150, water being 1,0000, and white bees wax, 9600. It 
is fufed at a temperature of 109® ; by fiilliciently increafing 
the heat, it burns with a peculiarly clear, white flame, pro- 
duces little fmoke, and during the combuftion emits an agree- 
able aromatic odor. 

The following are its (labitudes with the different re-agents, 

1. Water has no action upon the myrtle wax, either when 
cold or at the boiling heat. 

* The reader will find it in the prefent Number. N. 

t Maityn’s edition of Millar's Dictionary. 


aMcoUoI, 
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2. Alcohol, at the ordinary temperature of the atmofphere. Cold alcohol 
has noa£)ion upon it ; but 100 parts, by weight, t>f this fluid, 

when boiling, diflblve about five parts of the wax. Nearly |cohoIfparingly 
is depofited by the cooling of the alcohol; -J ftill remains 
'fended ; this is flowly depofited in the courfe of a few days, depofita this by 
or may be precipitated by the addition of water. This fub-^^^'"8andrc- 
ftance, when precipitated from the alcohol, is lighter coloured 
than in its original ftate, and approaches more to a grey tinge. 

Though the myrtle wax Teems to be homogeneous in its tex- 
ture and confiftence, it is not totally foluble in alcohol : about 
^ only of the whole is afted upon by this fluid, even when 
boiling. The part which is infoluble in alcohol, when fepa- 
rated fron^ the reft of the mafs, exhibits a fomewhat darker 
ftiade of green -than before the experiment ; the alcohol re- 
mains completely colourlefs. 

3. Sulphuric ether, when at the common temperature ofC/^^^^S. Ether 
the atmofphere, diflTolves the myrtle wax only in fmall 

tity, but it a6ts upon it rapidly when boiling. On account of rapidly and 
the tendency which tUe fluid has to evaporate, it is difficult 
afeertain the exaft proportion, but it feems to take up fome- poration refem- 
what more than 1 of its own weight. The greateft part of fpermacetu 
this is feparated as the ether cools, and the reft may be pre- 
cipitated by the addition of water. The wax, after it has 
been diflTolved in ether, is nearly colourlefs, while the fluid 
aflfumes a beautiful green hue. If the wax be not too abiin- ^ 
dant, and the ether be fuflfered to evaporate flowly, the wax 
is depofited on the fides of the glafj in a cryftalline or lamel- 
lated form ; in this ftate its texture approaches fomewhat to 
that of fpermaceti. 

4. -Redified oil of turpentine at the temperature of the at- OT. Turpentine 
mofphere foftens the wax, but does not feem capable of dif-*^* butflightiy, 
folving it ; when afliftcd by a moderate heat, 100 grains of the 
turpentine diflblve fix grains of the myrtle wax. The turpen- 
tine acquires a light green tinge, part of the wax is feparated 

as the fluid cools, while part remains permanently diflblvcd 
in it. 

.5, When the myrtle wax is boiled with liquid 
afli, the fluid becomes turbid, but after fome time the greateft colourlefs by 
part of the wax rifes <o the furface, nearly without colour, in boiling, and 
a flocculent form. A fmall quantity of it only remains dif- ^fthVfmail 

K 2 folved part, which be- 
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Ing decompofpvl 
by acid alFords 
the wax nearly 
unchanged. 


Pure ammonia 
adls nearly as 
potaih) but 
more feebly. 


The three prin- 
cipal mineral 
acids a£t upon 
it ; though not 
with any notable 
force* 


Dedu^ion : 
that myrtle wax 
appeaps to be an 
oxigenaled 
fixed o\\* 


folved in the potafli; this may ba precipitated from It by an 
acid. That part of the wax which rifes to the furface is con- 
verted into a faponaceous matter ; it has lofl its inflammabi- 
lity and fufibility, and forms an opake folutlon with water. 
From this folution it is precipitated by an acid in the form of 
w^hite flakes, which when colleded, will be found to refem- 
ble very nearly the wax before its union with the potafli. 

6. Pure ammonia exhibits with the myrtle wax phenomena 
in many rcfpe6ls, flmilar to thofc produced by Jthe fixed alcalis. 
When its a6tion is promoted by heat, an opake folution is 
produced ; the wax is deprived of its colour ; the greateft 
part of It feparates from the fluid, and is converted into a 
fubftance partly foluble in warm water, though lefs fo than 
that refulting from the action of potafh upon myrtle wax. 

7. The mineral acids exercife little action upon this fub- 
ftance at the ordinary temperature of the atmofpliere ; the 
fulphuric diflblves it fparingly, and acquires a brown tinge. 
With the afliflance of a moderate heat this ac id diflblves about 

of its weight, and is converted intr a thick, dark-brown 
mafs ; by cooling it becomes nearly concrete, but no fepara- 
tion of the wax takes place. The nitric and muriatic acids, 
even when heated, feem to poflefs little attraction for the 
myrtle wax. After the wax had been kept for fome time ia 
a ftate of fufion in contaCl with the nitric acid, its green hue 
was converted into a pale yellow, but the acid remained co- 
lourlcfs, nor did any part of the wax appear to be diflblved in 
it : the wax by long digeftion in muriatic acid became of a 
bright orange colour. 

TJie/e experiments will enable us, at leaft with a confide- 
rable degree of probability, to aflign the place which the ve- 
geable myrtle wax muft hold in a natural arrangement of 
chemvca\ fubftances, Itsinftammab’iVily, fuhbility, itsinfolu- 
bility in water, and the aftion which takes place between it 
and the alcalis, point out its affinity to the fixed oils, while 
its texture and confiftence, and more particularly its habitudes 
with alcohol and ether, indicate a rcl'emblance to the refins. 
We may therefore confider the myrtle wax as a fixed vege- 
table oil, rendered concrete by the addition of a quantity of 
oxigen ; it feems to hold the fame relation to the fixed, that 
refins do to the eflfential oils of vegetables. 


But 
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Kut though tlie myrtle wax be itfelf of vegetable origin. But it rcfemWcs 
there are feme animal fiibflances which more nearly refemble 
it in its chemical properties than any produ6l of the vegetable fpermaceti; and 
^kingdom. The principal of thefe is wax elaborated by 
the bee, lo which the peculiar fubftance now under confide- trie acid upon 
ration bears a firong refemblancc, both in its phytical and 5 

I I • , ,/• . .-I and the cryftal- 

cnemical properties. Myrtle wax allo in many particulars Ung matter of 
refembles fpermaceti; the fubfiance called A dipocire, pro- i>ihary calculi j 
duced by the a6lion of nitric acid upon the mufcular fibre ; 
and the cryfialline matter of biliary calculi. I fliall in a very 
concife manner, infiitute a comparifon between myrtle vYax 
and each of thele lubfiances. 

Bees Wax. 

This fubfiance, in its phyfical properties, difiers from my r- Comparifon with 
tie wax in being more nnduous, and poflefling a greater dc- ‘ 

gree of tenacity ; its colour and fmell are alfo different. Bees qnftnousj tena- 
wax is likewife confiderably lefs fufible; Dr, Pearfon * * * § and • different 
Mr. Nicliolfonf fix ^ts melting point at 142^; whereas Mr. 

Fourcroy t places it lower in the fcalc at 1 17*^ ; on this fub- more fo- 
jocl the re fulls of my experiments coincide exa6tly with diofe 
of the EngUfli chemifis. There is alfo a difference of opinion more affefted by 
among chemifts refpefting the action which takes place tie- 
tween this fubfiance and alcohol ; Fourcroy §, ChaptaJ jj, and by amraonia, 
Nicholfon**, affert that it is infoluble in this fluid, while 
Pearfon maintains the contrary ; on this qiicftion my expe- 
rience agrees with tliat of Dr. Pearfon. The proportion of 
bees wax whicli the alcohol is capable of diffolving, feems 
however to be fomewhat lefs than that of the myrtle wax. As 
in the former cafe, the greateft part of the wax feparates as 
l\\e ftuid coo\s ; wV\\\e \\\e xemaindet may be piecipiValed by 
the addition of water. Bees wax is fparingly diffolved by 
boiling ether, lefs readily, and in confiderably lefs proportion 

* Pearfon's Obfervations and Experiments on White Lac« 

Phil. Tranf. 1794. 

f Nicholfon's Journab Q^artOi vol. i.p. 70. 

X Fourcroy Syfteine des Connaiff. Chlmiques, x. 343, 

§ Ibid, and Thomfon's Fourcroy, Vol. iii. p. 387. 

II ChaptaPs Elements, Vol, 1(1. p. 164, 

** (Nicholfon's Elements, p. 5020 


than 
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tlinn the myrtle wax ; tJiis fluid, when heated, feems only to 
take up about of its weight of bees wax. Cauftic potafli 
exhibits the fame phenomena with bees wax as with the pro- 
diidl of the myrica cerifera ; it was converted into the fapor 
naceous flate, and became foluble in warm water. It appeared 
however that the action was lefs violent, and the change lets 
complete than in the former cafe. Ammoniac, when boiling, 
readily forms with bees wax an emuHion, in fome refpe61s re- 
fembling that produced by the fame fubftance with the myrtle 
wax. As the mixture cools, the greateft part of the wax rifes 
to the fiirface in a flocculent form ; it appears to have lo far 
contracled a union with tlie alcali as to have its texture and 
odour deflroyed, and its fufibility and inflammability dimi^ 
nithed; yet it is little, if at all, foluble in water. 


Spermaceti ; 
more fufibic 
than cither of 
the preceding. 


Is 


Sparingly folu- 
ble in alcohol, 


rapidly by hot 
ether, 


and oil of tur- 
pentine. 

More ftrongly 
attacked by pot- 
afh than m. or 

b. wax. 


Spen7iaccti. 

One properly of this fubflance, which obvioufly diflinguiflios 
it from thofe already deferibed, is the cryflalline texture which 
it conflantly aflhmes. It is more fufible than either of the 
fubflances which vve have examined ; but refpeding the pre- 
cife temperature at which it becomes liquid, there is a confi- 
derable ditference of opinion. Fourcroy * ftates it to be at 
the 98th degree, or a little lower f; Mr. Nicholfon J fup- 
pofes it to be at the 133d degree ; I have found the melting 
point of fpermaceti to be yniformly 112®; there may perhaps 
be a real difference in the fpecimeiis that have been employed. 
Like the two kinds of wax, it is foluble in alcohol, though 
very fparingly ; according to my experiments, it required a 
quantity of boiling alcohol equal to 1 50 times the weight of 
the fpermaceti to diflblve it ; a proportion which nearly co- 
incides with the eflimate of Fourcroy : the whole is precipi- 
tated as the fluid cools. It is rapidly diflblved by warm ether, 
by cooling \i is precipitated fo plentifully, as in appearance to 
convert the whole into a folid cryftalJized mafs. Spermaceti 
is alfo diffolved with great facility by oil of turpentine gently 
heated, bul is depofited from it as it cools. It unites very 
readily with cauftic potafli, and the compound is completely 

* Encyc. Math. Chimie, Art. Blanc dc Baleinc, 
t Annalcs de Chim. tom. vii. 192. 
t Nicholfon’s Journal, Vol. 1 . 4to, p, 70, 


foluble 
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foluble in warm water : pofafti feems to exercife upon fperma- 
ceti a more powerful a6tion, than upon either the myrtle or 
the bees wax. Ammoniac, at the ufual temperature of the Strongly by hot 
atmofphere, does not appear to exercife any adion upon 
niaceli, but when boiling it unites with it readily, and forms p^f, by cooling 
an enniliion, which is not decompofed by the cooling of the ^ ablution, but 
mixture, or by the addition of water; but the fperinaceti is 
indantly precipitated by the addition of an acid. No impor- 
tant phenomena rcfult from tlic adion of the mineral acids 
upon fpermaceti. 

Adipocire, 

I procured a quantity of this fubflance by digeding dilated Adlpocirc. De- 
ni trie acid upon the muicular fibre ; it was afterwards waflicd 

in warm water, in order to feparatc any portion of adhering 
acid. The matter thus purified, was of a light yellow colour, 
of about the confiftence of tallow, and of a homogeneous tex- 
ture. Refpeding the temperature at which it is fufed, we Fufibillty. 
meet with the fame Uncertainty as in the former cafes. Four- 
croy in one of his effays * fixes its melting point at the 98th 
degree; the fame author in another place Hates it to be the 
JlOthf, wlule Mr. NichnlfonJ: fuppofes it lo be as high as 
the 1 27 til ; in Dr. Rees’s Cyclop. § it is Hated, that tins fub- 
Hance melts at 7^ below fpermaceti, which according to my 
uHimate would be the 1 06th degree. In my own experience 
upon this fubjed it became licjuid a't the 92d degree. Alcohol, Solubility In hot 
at the ordinary temperature of the atmofpliere, difToIves 
only in fniall quantity, but by tlie afliHance of a gentle heat it 
ads upon it with rapidity. Fourcroy || Hates that this fluid 
when boiling diflblves about its own weight of adipocire, \ or 
■ 5 - of which is retained after the fluid cools. The famcchemiH 
in another memoir aflerts, that one ounce of alcohol will dif- 
folvc 12 drams of this fubHance**, There may probably be 
feme difference in the chemical nature of adipocire, according 

* Ann, dc Chimie, tom. vii. 192. 

•f Ann de Chimie, tom, viii. 66. 

J Nicholfon's Journal, ubi fupra. 

§ Rees's Cyclop, new edit. Art. Adipocire, this is probably in- 
ferted only upon the authority of Fourcroy. 

II Ann.de Chimie, VII. 191. 

Ann. de Chimie, VIIL 67* 

tp 



136 


EXPEKIMINTS AND OBSERVATION* 


and In ether. 


Alkalis as be> 
fore. 


Ammonia dif- 
folves it cold. 


Cryftals of bili- 
ary calculi. 
Defeription. 


to tlie procefs by which it is obtained, or the rapidity of its 
production; in my experiments the quantity which the alcohol 
was capable of diflblving, though very confiderable, was cer- 
tainly lefs than that ftated by Fourcroy, The greater part is 
depofited as the fluid cools, and the remainder may be preci-'^ 
pitated by water. The adipocire, after this operation, is ren- 
dered nearly white, while the alcohol aflumes a deep yellow 
tinge. Fither ditTolves it fparingly, when unaflifted by heat ; 
when boiling it lakes up about | of its own weight ; this is for 
the inoit part feparated by the cooling of the fluid; the adipocire 
is depofited nearly white, while the ether acquires ayellowifti 
green colour. The cauftic alcalis, both fixed and volatile, 
exert upon this fubfiance the fame kind of aCtion which we 
have deferibed in the former inftances ; when heated in con- 
tad with it, they form a faponaceous emulfion of a reddifli 
brown colour, which is mifcible with water without decom*- 
pofition. The volatile alcali diflblves it fparingly, without the 
afliftance of heat ; a circumftance in which the adipocire dif- 
fers both from any of the fubfiances whfch we have hitherto 
examined, and alfo from the cryflalline matter of biliary cal- 
culi. Upon the whole the adipocire is more fiifible, more 
inflammable, and more eafily aCted upon by the different re- 
agents than any fubfiance which has palTed under our review. 

Cryjlallint: Matter of Biliary Calculi, 

It now only remained to perform fome comparative experi- 
ments with the cryflalline matter of biliary calculi, and I was 
fortunately in pofteffion of two of thefe bodies, which were 
prefented to me by Dr. Gerard of this place. The calculi 
were fimilar in their texture and appearance, and of nearly 
the fame fize; the one which I examined was of an irregular, 
polyhedral figure, with its edges and angles blunted ; it was 
fomewhat brittle, and of an ochry brown colour. Its fpecific 
gravity was about ,9000; it weighed 16 grains. When 
broken, and viewed through a microfeope, it was found to 
confifi of an internal nucleus, formed of radii converging to a 
centre, and of an external crufi compofed of four or five thin 
firata. It evidently confifled of two difiindl fubfiances ; one 
white, fparkling, and of a cryflalline texture, by which its 
geneial ftrudlure was determined ; the other a number of dark 
coloured particles, irregularly difperfed through the interflices 

of 
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of the former. I therefor^ concluded it to be that kind of 
calculus which Fourcroy calls Cyftic-Adipobileous * ; com- 
pofed of the peculiar cryftallized matter, and of particles of 
infpinated bile, mixed together in different proportions. The Fufiblc and in. 
cryflalline matter is fufible and inflammable, but the precilc 
degree at which it melts has not been afeertained ; it is not water, 
even foftened by the heat of boiling water. Alcohol in the 
cold has no adlionupon it, but when boiling it diffolves it with Hot nlcoliol nif- 
facility ; Fourcroy f ftates, that one part of this fubflance is 
taken up by ID parts of the fluid ; this however was not the 
cafe with the calculus which I examined ; in this inflance the 
alcohol certainly did not diflblve more than of its w'eight of 
the cryflalline matter. As the fluid cools, the fubtlancc is de- 
pofited in the form of white, fliining fpitula*, intermixed with 
thin plates. Ether diffolves it flowly in the cold, but more ether moie 
readily when heated ; the greateft part is depoflted as the*^^’^^' 
fluid cools, and the reft may be precipitated by water. If the 
ether be fuffered to evaporate liowly at the ordinary tempe- 
rature of the atmofjflierc, the matter which it held in folution 
will be depoflted on the tides of the glafs, in the form of beau- 
tiful radiated cry dais. Oil of turpentine adls upon this matter Oi. tuipentine 
with difficulty ; it appears, however, when digefted with it 
for fome time at the boiling heat, to diffolve it in a fmall de- 
gree. It is adled upon by cauflic potalh when boiling, and tixcr^allcalis as 
the refult of their union appears to be of the fame nature with 
that deferibed in the former inftances. A fmall quantity is at all. 
diffolved by the pot-afh, and may be precipitated by an acid ; 
while another part is converted into a fubftance foluble in 
water, but infoluble in alcohol; it maybe precipitated from 
the water by an acid. Ammoniac, even when boiling, feems 
topoffefs little or no attraftion for this cryflalline matter. 

The refults of feveral experiments oblige me to differ from 
Dr. Powel, refpe61ing the effe^l of the fixed a!c?alis upon this 
peculiar fubflance ; he conceives that it is not a6ted upon by 
them :}: ; the opinion w'hich I have adopted is however flip- 

ported by the authority of Fourcroy §. Nitric acid, more Nitric acid arti. 

upon and alters 

* Fourcroy, Syfleme des Conn. Chim. x. 59. it. 

•f* Ann. de Chimie, VII. 

J Powel on the Bile, 119. 

§ Encyc. Mcth. Chimie; art. Bile; Fourcroy, Syftemc dcs 
Conn. Chimiques, x. 

particularly 
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particularly when affifted by heat,''a6ts readily upon the cry-* 
flalline matter ; during the procefs there is a difengagement of 
nitrous ga<;. A frnall quantity remains diflblved in the fluid, 
and may be precipitated from it by potafli. The greateft part 
however rifes to the furface as the fluid cools in the form of 
drops of oil, which gradually grow concrete; the cryftalline 
texture is cleflroyed, and its confiflence refembles that of a 
Habitudes^of the vegetable refin. Water does not dilfolve this peculiar matter, 
ftance*. it feems to render it fomewhat more brittle and friable. 

Alcohol aflifled by a gentle heat diflblved it; it was precipN 
table from the folution by water in the form of a grey powder. 
Filler, at the temperature of the atmolphere, diflblved it ra- 
pidly ; water precipitated it from the ether in the form of 
drops of oil. When the fluid was evaporated, it was depo- 
fited, without exhibiting any marks of a cryflallinc flru6ture. 
Cauflic potafli a6ted upon it without the afliftance of heat, 
w’hen boiling it diflblved it with more facility ; the fluid ac- 
quired a reddifli brow'n hue ; it was not precipitated by water, 
but the fulphuric acid feparated it in the*'form of a grey pow- 
der. The a^lion of ammoniac was nearly fimilar, though as I 
conceived, fomewhat more powerful than that of the fixed 
alcalis. The folution was alfo of a reddifli brown colour ; but 
the precipitate by fulphuric acid was of a bright yellow. Jt 
appears therefore that the matter of biliary calculi has its pro- 
perties materially changed by the operation of the nitric. acid, 
it entirely deflroys its cryflalline tendency, and renders it 
more foluble in ether and in the alcalis. It has been fuppofed 
that by this procefs it becomes more alTimilated to the adipo- 
refin of the bile but it ftill differs from it in not polfelfing 
any degree of folubility in water f. 

The fubftances Thcfe remarks upon the cryftalline matter of biliary calculi, 
rca^Vd^ffemitT there are feveral important circumftanccs in which 

it differs botli. from fpermaceti, and from adipocire, to both of 
which it has been compared J. Upon the whole, though the 

* Powel, p. 121. 

f Ann. de Chimie, tom. vii. p. 178. Encyc. Mcth. Chimie, 
ait. Bile, p. 566. 

X I may obferve that the dark-coloured particles which were dif- 
pfiied thiough the cryftalsof the calculus, though they might have 
been originally composed of infpiffated bile, did not retain the pro- 
perties of this fubflance, as they were nearly infoluble both in boil- 
ing water and in alcohol. 

five 
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five fubftances which have pafled under our review poffefs cer- 
tain properties in common, and have a degree of fimilarity in 
their external appearance, yet they differ inalcrlally in their 
chemical nature. There is indeed reafon to conje^^lure that 
they are all compofed of the fame elements, combined toge- 
ther in different proportions and with different degrees of 
attradlion. 

Lavoifier * firff made us acquainted with the chemical com- General rc- 
polition of oil, and proved that it confifts of hydrogene 
Carbone. This great philofopher alfo demonffrated that wax 
differs from oil, in containing a greater proportion of carbone ; 
tiiere is every reafon to fuppofe, that a quantity of oxygene 
likewife enters into its compofition. It may be conjectured, 
that the five fubftanccs which have pafled under our review, 
differ from each other in the proportion of oxygene, hydro- 
gene, and carbone; but the prefent ffate of our knowledge 
will not enable us to determine now far the individual proper- 
ties w'ill be atrc6ted by the different proportions. It had been 
conjedlured, that addition of carbone renders a body lc(‘s 
fufible, and at the fame time more foluble in alcohol ; but wo 
find from the experiments recited above, that adipo-c ire, which 
is the moft fufible, is likewife the moft foluble in alcohol. 

Probably a good deal may depend in thefc cafes upon the fia(e 
of the combination of the ingredients, as well as upon their * 
proportions. 


II. 


On the Nature of Mufical Sounds, In Replj/ to Du, Young. 

Mr, John Gough. 

To Mr. NICHOLSON. 

S I 

The controverfy between Dr. Young and me has taken alntroduftorjr 
new turn in your laft number; for my opponent, with the 
drefs of an able politician, endeavours to fecure the vi6lory 
by the aid of a powerful auxiliary. For this purpofe, he has 
attempted to opprefs my caufe, and filence my reatbns, by the 
authority of an illuftrious name ; whom he has impreffed into 

* Lavoifier, Mem. Acad. Scienc. 1784. 

his 
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Ptfrfonal rcfpcc- 
tability is of 
weight in hif- 
tory j 


but not in argu- 
ment or rcalbn- 
ing. 


The prefent 
controverfy not 
determinable by 
authority. 


his fervicc. The only plea that 1 can offer in oppofition to 
this formidable confederacy, confifts in the following plain 
remark : I contend for the truth and not for fuperiority, a 
motive which obliges every difputant to difregard all author 
rity, except the conviction impreffed on the fenfes by a judi- 
cious experiment, and the affent given by the underftanding 
to found arguments. Notwithftanding the preceding decla- 
ration, I acknowledge the weight of perfonal refpeCtability, 
in many initances of an experimental nature ; becaufe the re- 
putation of one philofopher flands higher than that of another 
does, as a conductor of experiments ; on this fuppofition, the 
deci lions of the former ought to be preferred to thole of the 
latter, when they happen to difagree in their conclufions ; in 
faCt every man^s confidence in the juftice of an experiment 
which be has not feen, amounts to nothing more than hiftori- 
cal evidence, the credit of the narrative refling entirely upon 
the character and abilities of the eye witnefs. 

The foregoing obfervations on experimental knowledge 
have nothing to do with argument ; for iveiy fpecies of true 
logic, including the mathematics, confifts of a train of induc- 
tions ; all of which are drawn from maxims, admitted by every 
party, in a well conducted difpute. On this account, argu- 
mentation is not an appeal to a perfon’s faith, but to his ra« 
tional faculties ; and an unprejudiced judge will prefer the 
logic of a ploughman to that of Ariftotle himfelf, fhould the 
ruflic happen to reafon better than this mafler of the art. After 
what has been faid on the weight of authority in philofophical 
controverfy, it wdll not be expeCled that I fhall pay the leaft 
deference to the dogma of any man in the world, unlefs his 
opinion is fupported by demonflration ; for this is the only 
literary authority to which an enquirer after the truth ought to 
bow, Confillently with this declaration, an attempt has been 
made to demonllrate every prQpofition that has been advanced 
on my part, in the prefent difpute; a difpute which com- 
menced in the tranfaCtions of the Royal Society, which palled 
from that publication to the Mancheiler Memoirs, and is now 
prolonged. Sir, in your Journal. But my care in this refpeCl, 
and attachment to proof have not been imitated by my oppo- 
nent ; for nothing appears in the courfe of the controverfy, 
refembling a refutation of any one of my conclufions, except- 
ing an objection which was offered in Dr. Young’s lall letter, 

to 
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to the theory of the grave hantionics. The Doctor obfervcs. That two unifons 
that two unifons, the vibratittns of which bifeft each other, by^bifec- 
ought to give the o6tave, according to my principles. To thistien, infided 
I take the liberty to reply, that no two perfect unifons produce 
a cycle ; bccaule the arrangement which is given to their tirlt cycle, 
vibrations, will evidently prevail to the end of the experi- 
ment : no points of divifion can therefore be formed for the 
reparation of the contiguous cycles ; in other words, no cycles 
will be produced, confequently no imaginary found Can be 
perceived in the courfc of the Doctor’s experiment, becaufe 
the. exiftence of the grjtve harmonics depends upon a fucccf- 
tion of minute cycles, if my idea of their origin be correft. 

The effedt of two imperfect unifons will perhaps appear upon Imperfcdl uni- 
examination, not lefs unfavourable to the Do6tor*s objedlion, 
than the preceding cafe : confonances of this defcription, it is 
true, always run into cycles ; but then they are too long to 
give rife to continuous founds, being better fitted to produce 
beats. For initance, let two homogeneous cords of equal dia- 
meters be ilretched with equal forces; and fuppofe their 
lengths to be 20 and 20,1 inches, then the longer will make 
200 vibrations, while the fliorter compleats 201. But the 
cord correfponding to the grave harmonic of this confonance, 
vibrates but once in the fame time ; therefore the length of it 
is to 20,1 inches as 200 to 1 ; or it is 333 feet. The difS- 
culty of conducting fuch an experiment muft be obvious to 
every one; for whether firings or pipes be ufed, the lower 
note of this confonance mud compleat at lead twelve cycles, 
or 2400 vibrations in a fecond ; otherwife a grave harmonic 
cannot redilt from this combination of imperfe6l unifons. 

Having now replied to the Do6lor^s objeQion, apparently in How the w^nt 
a fatisfadlory manner, I may without the imputation of 
requed him to conlider in what way the feveral properties ofciicd to Dr. 
thefe fecondary founds are to be reconciled tohis.fydem, more Young’s fyftem? 
efpecially their want of a fixed direction : ihould he fail in the 
attempt, he needs not be reminded that every theory is im- 
pcrfedl, which explains a part of a phenomenon, but does not 
embrace the whole of it. The want of diredlion appeared to 
ine fo plain a proof of the nature of the grave harmonics, the 
drd time I made the experiment, that I immediately explained 
the fadl on the principles, which are given at the beginning of 
this volume of your Journal, without once flipped ig th? theory 
4 to 
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to be new ; before Dr. Young's laft letter informed me of the 
circumftance. Every attempt to account for this (ingular elTed 
of confonances by pulfes tranfmitted to the ear through the 
air, will in all probability encounter the obftacle already men- 
tioned : for the notion offeree comprifes the idea of diredion, 
as well as that of power ; and if the latter property cannot be 
ufed independent of the former, every theory founded on this 
principle muft be contradi6led by obfervation. I do not pre- 
tend to form a judgment on the work of M. Lagrange, from 
Dr. Young’s cxtradls ; and perfons rciiding at a diftance from 
the metropolis, as I do, feldom enjoy accefs to uncommon 
books, fuch as the Mifcellanea Taurinenfia. However, I 
agree to the proportion of M. Lagrange, that a particle of 
air agitated by two founds, acquires a motion differing from 
that, which each of them would give to it feparately : at the 
fame time 1 inuft withhold my aifent to the fequel, if I under- 
fland it rightly ; viz. that the founds coalefce in confequence 
of this motion, until my arguments on this fubjedl have been 
refuted. While this remains unatteinpted, the prolongation of 
tiic prefent conlroverfy promifes to be of no advantage to fei- 
ence : I will therefore in future difregard all remarks and ob- 
jedions which do not attack the fundamental principle of my 
theory. 

JOHN GOUGH. ‘ 

Middkjhaio near Kendal, Feb, II, 1803. 


Ill 


Obfervations on the tzvo lately difeovered celejlial Bodies, 
William Hlrschll, LL, D, F, 11, S, 


By 


(Concluded from Page 128.J 

W^ITH regard to the fifth, concerning fatellites, it may 
not be eafy to prove a negative ; though even that, as far as 
it can be done, has been flicwn. But the retention of a falel- 
lite in its orbit, it is w'ell knowm, requires a proper mafs of 
matter in the central body, wdiicli it is evident thefe Bars do 
not contain. 

The fixth article feems to exclude thefe ftars from ftie con- 
dition of planets. The fmall comas which they (hew, give 

them 
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them fo far the refemblanc^ of comets, that in this refped we 
(liould be rather inclined to rank them in that order, did other 
circumllances permit us to alfent to this idea. 

In the feventh article, they are again unlike planets ; for it 
appears, that their orbits are too near each other to agree with 
the general harmony that takes place among the reft ; perhaps 
one of them might be brought in, to fill up a feeming vacancy 
between Mars and Jupiter. There is a certain regularity in 
the arrangement of planetary orbits, which has been pointed 
out by a very intelligent aftronomer, fo long ago as the year 
1772 ; but this, by the admiffion of the two new ftars into the 
order of planets, would be completely overturned ; whereas, 
if they are of a different fpecies, it may- ftill remain efta- 
bl idled. 


As we have now fufficiently ftiewn that our new ftars can- The new ftars 
not be called planets, we proceed to compare them alfo with*^® wot planets, 
the other propofed fpecies of celeftial bodies, namely, comets. 

The criteria by which we have hitherto diftinguifiied thefe 
from planets, may be enumerated as follows. 

1 . They are celeftial bodies, generally of a very fmall fize, Criterions of 

though how far this may be limited, is yet unknown. ^"They arc 

2. They move in very excentric ellipfes, or apparently para-fmall. 

bolic arches, round the fun. centric 

3. The planes of their motion admit of the greateft variety 3, piane* ya- 
in.their fituation. 

4. The diredion of their motion alfo is totally undetermined. 

5. They have atniofpheres of very great extent, which fliewS- Great atmo- 
thcmfelves in various forms of tails, coma, hazinefs, &c. 


On cafting our eye over thefe diftinguiihing marks, it ap-Comparifim of 
pears, that in the firft point, relating to fizc, our new 
agree fufficiently well ; for the magnitude of comets is not 
only fmall, but very unlimited. Mr, Pigott's comet, for in- 
ftance, of the year 1781, feeraed to have feme kind of nucleus ; 
though its magnitude was fo ill defined, that I probably over- 
rated it much, when, November 22, I gueffed it might amount 
to 3 or 4'' in diameter. But, even this, conlidering its near- 
nefs to the earth, proves it to have been very fmall. 

That of the year 1783, alfo difeovered by Mr. Pigott, I faw 
to more advantage, in the meridian, with a 20-feet refiedor. 

It had a fmall nucleus, which, November 29, was coarfely 
oftimated to be of perhaps 3"' diameter. In all my other pretty 


numerous 
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Account of the 
fize of tails of 
comets* 


numerous obfervations of comets. It is exprefsly remarked, that 
they had none that could be feen. Betides, what I have called 
a nucleus, would ftill be far from what I now (liould have mea- 
fured as a difk ; to conftitute which, a more determined outline 
is required. 

In the fecond article, their motions differ much from that of 
comets ; for, fo far as we have at prefent an account of the 
orbits of (hefe new flats, they move in ellipfes which are not 
very excentric. 

Nor are the fituations of the planes of their orbits fo much 
unlike thofe of the planets, that we fhould think it neceflary 
to bring them under the third article of comets, which leaves 
them quite unlimited. 

In the fourth article, relating to the direftion of their motion, 
thefe flars agree with planets, rather than with comets. 

The fifth article, which refers to the almofphere of comets, 
feems to point out thefe flars as belonging to that clafs ; it 
will, however, on a more particular examination, appear that 
the difference is far too conllderable K) allow us to call them 
comets. 

The following account of the fize of the comas of the fmalleft 
comets I have obferved, will flievv that they are beyond com- 
parifon larger than thofe of our new flars. 

Nov. 22, 1781. Mr. Pigott's comet had a coma of 5 or 6' 
in diameter. 

Nov. 29, 1783. Another of Mr. Pigott’s comets had a coma 
of 8' in diameter, 

Dec. 22, 1788. My fifler^s comet had a coma of 5 or 6' in 
diameter. 

Jan. 9, 1790. Another of her comets was furrounded by 
hazinefs of 5 or 6' in diameter. 

Jan. 1 8, 1790. Mr, Mechain's comet had a coma of 5 or 6' 
in diameter. 

Nov. 7, 1795. My fifter's comet had a coma of 5 or 6Mn 
diameter. 

Sept. 8, 1799. Mr. Stephen Lee's comet had a ^oma of not 
lefs than 10^ in diameter, and alfo a fmall tail of 1 in length. 

From thefe obfervations, which give us the dimenfions of 
the comas of the fmallefl comets that have been obferved with 
good inflrumenls, we conclude, that the comas of thefe new 
liars, which at moft amount only to a few times the diameter 
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fcf t/ie bodies to which they*belong, bear no refcmblance to the 
comas of comets, which, even when fmalleft, exceed theirs 
above a hundred times. Not to mention the extenllve atmo- 
fpheres, and aftonifliing length of the tails; of fome comets that 
have been obferved, to which thefe new ftars have nothing in 
the leaft timilar. 

Since, therefore, neither the appellation of planets; nor that 'thefe new ftarg 
of comets, can with any propriety of language be given to prop^t'^of 
twto ftars, we ought to diftinguifli them by a new name, dc- language be 
noting a fpecies of celeftial bodies hitherto unknown to us, *^®'*®‘* P**”*^^* 
•but. which the interefling difeoveries of Mr. Piazzi and Dr. 

Gibers have brought to light. 

Widi this intention, therefore, I have endeavoured to find 
but a leading feature in the charadler of Ihefe new ftars ; and, 
as planets arc diftinguiftied from tlic fixed ftars by their vifible 
change of fituation in the zodiac, and comets by their remark- 
able comas, fo the quality in which thefe objebts ditfer confi- 
derably from the two former fpecies, is that they refcmble final I 
ftars fo much as hardly to be diftinguiftied from them, even 
by very good telefcopcs. It is owing to this very circurnftance, 
that they have been fo long concealed from our view. From 
this, their afteroiclical appearance, if I may ufe thatexpreflion. The author pro- 
therefore, I fiiall take my name, and call them Afteroids : 
referving to myfelf, however, the liberty of changing that name, ^ 
if another, more expreflive of their nature, fhould occur. Thefe 
bodies will hold a middle rank, between the two fpecies that 
were known beibre; fo that planets, afteroids, and comets, will 
in future comprehend all the primary celeftial bodies that either 
remain with, or only occafionally vilit, our folar lyftem. 

I ftiall now give a definition of our new aftronomical term, 
which ought to be confiderably extenlive, that it may not only 
take in the afteroid Ceres, as well as the afteroid Pallas, but 
that any other afteroid which may hereafter be difeovered, let 
its motion or fituation be whatever it may, ftiall alfo be fully 
delineated by it. This will ftand as follows. 

Afteroids are celeftial bodies, which move In orbits either of D«finjtion of 
little or of confiderable excentricity round the fun, the plane 
of which may be inclined to the ecliptic in any angle whatfo* 
ever. Their motion may be dire61, or retrograde ; and thejp 
may or may not have confiderable atmofpheres, very fmall 
comas, dilks, or nuclei. 

VoL. IV. — March. D 
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Others will foon As I have given a definition vvhi(!:h is fufiicicntly extenfive to 
be found out, jp future difcovcrics, it may be proper to Hate the leafons 

we have for expcdling that additiomd afleroids may probably 
be ioon found out. From the appearance of Ceres and Pallas 
is evident, that the difcoxciy ol afieioids requires a particular 
method of examining the heavens, which liitlierlo atlronomers 
have not been in the habit of ufing. I have already made five 
reviews ol the yodiac, without detecting any of thefe concealed 
objeFls, Had they been Icfs rcfcmbling the fmull Hars of the 
by obferving the hcavcns, 1 muH have difcovercd them. But the method which 
will now be put in pia6lice, will completely obviate all dilh- 
culty arifing irom the afteroidieal appearance ol thefe objedls; 
as their motion, and not their appearance, will in future be the 
mark, to vvbich the attention of obl(*rvers will be dire^ded. 

A laudable zeal has induced a fet of gentlemen on the 
Continent, to lorm an aflbeiation for the examination of the 
zodiac. 1 hope they wdll extend their attention, by degrees, to 
every part of the heavens; and tb.at the honourable dillinflioli 
which is juHly due to the fuccefslul inv^dtigators of nature, 
will induce many to join in the meritorious purfuit. As the 
new method oi obferving the zodiac has already produced fueb 
interefting difeoveries, we have reafon to believe that a number 
of aderoids may remain concealed ; lor, how improbable it 
would be, that it there were but two, tlu*v fliould have been 
fo near together as almoH to force tlieuiklvcs to our notice. 
But a more extended confideratlon acids to tlie probability that 
many of them may foon be difeovered. It is well known that 
the comas and tails of comets gradually increafe in their ap- 
proach to the fun, and contrail again when they retire into the 
regions of fpacc. Hence we have reafon to expert, 
^ ^ ^ » that when comets have been a confiderable time in retirement, 

their comas may fubfide, if not intirely, at lead fufficiently to 
make them affume the rcfemblance of Hars ; that is, to become 
aderolds, in which Hate w'c have a good chance to cletcft them. 
Tt is true that comets foon grow fo faint, in retiring from their 
perihelia, that w'C lofe fight of them ; but, if their comas, 
which are generally of great extent, ftiould be comprefled 
into a {pace fo fmall as the diameters of our two afleroids, we 
can hardly entertain a doubt but that they would again become 
ind be obft’rved viliblc with good telelcopes. Now^, fliould we fee a comet 
aphelion, under the conditions here pointed out, and that 
there are many which may be in fuch fituations, we have the 
^ greateft 
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greateft inducements to beTieve, it would be a favourable cir^ 
cumftance to lead us to a more pcrfe6t knowledge of the na- 
ture of comets and their orbits ; tor inftaiice, the comet of the 
year 1770, which Mr. Lexcll has ftiewn to have moved in ah 
elliptical orbit, fuch as would make the time of its periodical 
return only about years : if this fliould ftill remain in our 
fyflem, which is however doubtful, wc ought to look for it 
under the form of an afteroid. 

If thefe confiderations fliould be admitted, it riiight be ob- 
jedled, that atleroids were only comets in difguife ; but, if wc 
• were to allow that comets, afleroids, and even planets, might 
poflibly be the fame fort of celeftial bodies under different cir- 
cumftances, the neccllary diflindion arifing from fuch dilfc- 
lence, would fully aulhorifc us to call them by different names. 

It is to be hoped that time will foon throw a greater light 
upon this fubje6l; for which reafon, it would be premature to 
add any other remarks, though many extenfive views relating 
to the fular fyfleni might certainly be hinted at. 

Addiilonnl Ohfervntiom relating to the Appearances of the Additional ob-* 
Ajttroid^ Ceres and Pallas, fervations. 

May 4, 12*^ 40'. lO-feet refledor ; power 5U)|. I com- The cqmas do 

pared Ceres with two fixed ftars, which, in the finder, ap- not exceed 
, , . , , r . 1 . . . thofc of the 

peared to be of very nearly the fame magnitude with thealte- fixed lUu. 

roid, and found that its coma exceeds their aberration but in a 

very fmall degree. 

12'* .50'. 20-feet refledor ; power 177. I viewed Ceres, 
in order to compare its appearance with regard to hazinefs, 
aberration, atmolphere, or coma, whatever w^e may call it^ to 
the fame phenomena of the fixed liars ; and found that the 
coma of the afleroid did not much exceed that of the liars. 

I alfo found, that even the fixed liars differ conliderably in 
this refpedl among themfelves. The fmaller they are, the larger 
in proportion will the attendant hazinefs fliew itfelf. A liar 
that is fcarcely perceptible, becomes a fmall nebulofily. 

10-feet refledlor. 13'‘ 10', I compared the appearance of 
Fallas with two equal fixed liars ; and found that the coma of 
this afleroid but very little exceeds the aberration of the liars. 

14*^ 5', 20-feet refle£Ior. I viewed Pallas; and, with a 
magnifying power of 477, its difk was vilible. The coma of 
this afleroid is a little Uronger than that which fixed liars of 
the fame fize generally have, 
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On tilt oblique Refvat^hni of Iceland CnjJluL ^j/ W illiam 
Hydc Wollaston, M. J). I\ li» S» From ike PhiL 
Tranf.fov 1802 . 

In the preceding communication *, I have inferted two 
(iiirerent mea fares of refradive powers, ditlindly obfervable 
in the Iceland cryllal, as well as an eflimate of its dilpertive 
power ; but have referved for a feparate treatile, tome renarks 
which the lame mode of invelligation has enabled me to make 
on its oblique refradion. 

Iceland cryftal The optical properties of this body have been fo amply de- 

wdlcxamincd Huygens in his Trailc de la Limicre, that it could 

by Huygens, jjrs 

anfwer little purpole to attempt to make any addition to thole 
which he has enumerated. But, as the law to which he has 
reduced the oblique refra6lions occafioned by it, could not be 
verified by former methods of meafur^.ment, without con- 
fidcrable difiiculty, it may be worth while to oficr a new and 
jeafy proof of the jullnefs of his conclufions. For, fincc the 
Hh theory, theory by which he was guided in his inquiries, affords (as 
has lately been fliown by Dr. Young f) a fimple explanation 
of feveral phenomena not yet accounted lor by any other 
' hypothcfis, it mull be admitted that it is entitled to a higher 
degree of coiifideration than it has in general received, 
ihat light Is pro- According to that hypotliefis, light proceeding from any 
centre, is propagated by vibrations of a medium 
medium* highly elaftic, that pervades all Ipace. In ordinary cafes, 
undulating incipient undulations are of a fpherical form ; but, in the 

S cafes ’"but Iceland cryflal, light appeared to Huygens to proceed as if th« 
in an oblate undulations were portions of an oblate fpheroid, of which the 
| ?,!!^ !^^!"/“~axis IS parallel to the Oiort diagonal of an equilateral piece of 
the cryftal and its centre the point of incidence of the ray. 
Whence the law From this fpheroidical form of the undulations, he deduces 
of this ^ the obliquity of refra^ion ; and lays down a law, obfervable 
thTL^of inci-in all refradions, at any furface of the fpar, whether natural 
dence has a con- artificial, which bears the clofeft analogy to that which ob- 
ord^wte of lains univerfally at other refraaing furfaces ; for as, in other 
fraction in the 

l^hcroid, * See our Journal IV. 89. 

f Bakerian Lecture. Phil. T>anf. for 1801, 

cafes, 
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cafes, the ratio is given betVeen the fine of incidence and fine 
of refraction, (or ordinate of the fpherical undulation pro- 
pagated,) fo, in the Iceland cryfial, the ratio between the 
fine of incidence and ordinate of refraClion (in any one feCtion 
of the fperoidical undulation) is a given ratio. 

If ABD (Fig. 1, Plate VIII.) be any furface of the fpar,Illuftrat?on by 
let FHOK be a feCtion of the fpheroid through its centre c^***^fi’^*"'* 
and RC any ray of light falling on that furface ; draw FO a 
diameter of the fpheroid, in the plane of incidence RVO, and 
CT, its femiconjugato diameter, in the plane of refraCtion 
• FTO. Then, if Cl be the refraCIed ray, VR, the fine of 
incidence, fliall be to El, the ordinate of refraCIion parallel to 
FC, in the conftant ratio of a given line N to the femidiameter 
FC. 


In any other plane of incidence, the ratio of fine to ordi-But the rcfrac- 
nate is alfo confiant ; but it is a different ratio, according to 
the magnitude of that diameter in which the plane of incidence planes of inci- 

interfedls the ellipfe FHOK. dfame’ter VAhe 

When the incidence of the ray paffing from any medium of ellipfe, &c. 
greater denfity upon the furface of this fpar, is fuch that the 
emergent ray becomes parallel to the furface, the ordinate of 
refraftion is then a femidiameter of the fpheroid ; and, ac- 
cordingly, the refradive power of this fpar, when examined as maybe 
by means of a prifm in different diredions, lliould be I 

to vary as that femidiameter which coincides with the plane ofrefleSion. 
incidence and refrading furface. 

The obfervations that I have made on this fubftance, accord Hypothefis of 
throughout witli this hypothefis of Huygens ; the meafures|^^^sens con- 
that I have taken correfpond more nearly than could well hap- 
pen to a falfe theory, and are the more to be depended on, as 
all my experiments, excepting the laft, were made prior to 
my acquaintance with the theory, and their agreement was 
deduced by fubfequent computation. 

Exp, 1. Theeblique refradion of this fpar is rendered vifible, 'Experiments on 
by cementing a furface of it to a prifm of flint-glafs, with 
little balfam of Tolu. When the line of fight befeds an acute different planes, 
angle of a natural furface of the fpar, the refradive power is 
feen to be lefs than in any other diredion, and may be exprelTed 
by the fine 1,488, or its reciprocal 0,67204. 

Exp. 2. When the plane of incidence is parallel to one of 
the fides, the power is 1,518, of which the reciprocal is 
0,6587. 
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Exp, 3. In a diredtion at right a\igles with either fide, it is 
found fiill higher, being 1,537, or its reciprocal 0,6506. 

lup, 4. 7\nd in the plane bife^ting an oblufe angle, the re-» 
fradlive power of the natural furface appears greater, and is 
exprefled by the fine 1,571, or its reciprocal 0,6365, 

Exp, 5, When either of the tw'ogreateft folid angles of the 
fpar contained under three obtufe angles, is cut off’ by a po- 
lifiied furface making equal angles with each of its fides, the 
fame refractive power 1,488 is found in all dire6tions. By the 
theory alfo, the fc6lion of the fpheroid is in this cafe a circle, 
and every femidiameter (FC) the fame, fince the plane is at 
right angles to the minor axis. 

Exp, 6. If a plane furface be formed bifefting an obtufe 
angle of the fpar, and applied to a prifm, the fame minimum 
of refraflion 1,488, is found in a direction that coincides with 
the preceding plane, and therefore wit!i the major axis of the 
generating ellipfe ; but, as the diredion is varied, it increafes 
fo rapidly as foon to exceed the power of glafs, and to be no 
longer afcertainable by the angle of iiicipi^.nt refledion, 

Exp, 7. The regular refradion of this fpar is alfo too great 
for examination by means of any prifm, for want of a medium 
of union of fufficient denfity ; but, by trial in the ufual method, 
itmeafured, on an average of feveral experiments, 1,657, or 
its reciprocal 0,6035. 

By aff’uming, as Huygens has done, the equality of this 
power w'ith the maximum of the oblique refradion, we have 
fufficient data for conffrudion of the fpheroid by which the 
refradions are regulated; for wc have 0,67204 (/iap, 1.) as 
major axis of the generating ellipfe, and 0,6035 {Exp, 7) will 
be the minor axis, parallel in pofition to the fliort axis of the 
fpar. 

The angle of inclination of this axis to the furfaces of the 
fpar, if fuppofed to be equilateral, may be computed by 
fpherical trigonometry, from any other angles that has been 
afeertained by meafurement. 

The meafuresr tliat 1 have taken are not exadly thofe of 
Huygens ; but I ncverthelefs hold them in equal eftimation, 
from the conformity which 1 find they bear to each other, by 
afli fiance of his theory, 

Exp, 8. I meafured with care an angle at which two furfaces 
of the fpar are inclined to each other, and found it to bp 105® 5', 

Henco 
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lIoiicG, the greater angle the furiaccs ihemfelvcs may be 
computed to be 101® 55'; and tlie angle which the tliort axis 
makes with each plane furl'ace is 4-3® ‘J:3' 2.3". 

II GSMP (Fig. 2.) be a plane bifeding an obtufe angle of 
tlie fpar, the Icclion ot the I’pheroid In that plane pafles through 
the axis CS, and therefore is thegencrating ellipfe. By calcu- 
lating frr>m the known diinenfions of its major axis CP 0,0720‘1-, 
its minor axis CS 0,6035, and the angle GCS=4*3® 23' 25", 

CG will be found * to be 0,6365, of which the reciprocal is 
1 ,5736, differing but little from 1,57 1, as it appeared by mca- 
. furement. (Exp, 

Again, if ABDE (Fig. 4.) be one of the nalural furfaces, 
and PGy; the ellipfe foimedby that fedionof the fpheroid, PC 
being as before 0,67201, and CG 0,6365, the reciprocal of 
1,57 I found by meafureinent, (Exp, 4) then the femidiameter 
CT, parallel to the tide API, which makes an angle TCP 
2*1', will be found to be 0,6573, inllead of 0,6587, and 
its reciprocal 1,5215, inftead of 1,518. (Exp, 2.) 

The femidiametc{ alfo, in (he diredion of CL, perpendicular 
(o the fide, at an angle J.CP 50"" 57|', is found by calculation 
0,650, audits reciprocal J,539, inficad of 0,6506 and 1,537. 

(Exp. 3.) 

From the foregoing data, the courfe of a ray perpendicular Couifc of a per- 
to the furface of the fpar may likewife be computed; f<^r> after' thi^re-^ 
fince the fine of incidence is then nothing, the ordinate of fradffon. 
relVadion muff be alfo nothing, and the ray will be refraded 
along the fern iconjugate diameter CM. (Fig. 2.) 

Bv calculation f, the angle which this conjugate makes 
with tile perpendicular is 7~^ But, by the following mea* 
furement, it appears to be 6'^ 16'. 

Exp. 9. A piece of fpar that meafu red 1,145 inch in thick- 'Experiment to 
nefs, was laid upon a line, and ftiowed two images that were 
removed from each other of an inch. Then, as 1,145 : 

0,126 radius : tang, of 6^ lo'. • ^ 

The different refults deduced from theory and from obferva- Comparative 
tion, will be feen at one view in the following ftatement: fefuTs^rom 

obfervation and 

* (Fig. 3.) CS : CP :: tang. PCG : tang. PC/ fee. PC/ : fee. from theory, 
PCG :: CP : CGi 

+ (Fig. 5.) CS : CP tang. PCG ? tang." /CO of co-tang. 

PCQ^ then CP ; CS r. tang. PCQj tang. PCMj and LCP— 
PCM=MCL. 

In 
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In Exp, 2d, obferved 1,518 ; » calculated 1,5215. 


3d, 1,537 1,539. 

4th, — 1,571 1,5736. 


6th, angle obferved 6® 1 6^ - - -6^ 7|\ 

The angle obferved differs from that obtained by computa- 
tion, in a greater degree than any of the former meafures j 
but, when the difficulty of meafuring this angle with accuracy 
is confidered, and alfo the greater efledl of any incorrednefs 
in the data from which a femiconjugate is computed, I think 
therefultof this, as well of the preceding comparifons, mull 
be admitted to be highly favourable to the Huygenian theory; 
and, although the exiftence of two refra6tions at the fame 
time, in the fame fubllance, be not well accounted for, and 
Hill Icfs their interchange with each other, when a ray of light 
is made to pafs through a fecond piece of fpar fituated tranf- 
verfely to the firll, yet the oblique refradion, when confidered 
alone, feems nearly as well explained as any other optical 
phenomenon. 

, 


V. 

The Theory of Compound Sounds, By Mr, John Gough*. 

Dr . SMITH, author of the work on Harmonics, takes for 
granted in his theory of compound founds, that the pulfes 
which proceed at the fame time from a number of founding 
bodies, do not clafli, or obllrud one another, in their palfage 
through the air. According to this hypothelis, each fet, of 
any number of cotemporary fets of pulfes, (trikes the ear 
without being confounded with the reft ; in confequence of 
wliich, any number of founds may be diftindly perceived at 
the fame time. On this fuppofition, a compound found is a 
fenfation rendered variable by the irregular manner in which 
the pulfes of the conftiluent founds fuccced to one another. 
P’or, if the intervals of time betyveen two fucceflive pulfes of 

• Mancheftcr Memoirs, v. 653. This treatife which was not 
inferted at an earlier period in our Journal, on account of the prtT- 
fure of other matter, has become of (till more intereft as containing 
the theory to which the author's late difeuffion with Dr, Young is 
ilireaed.-W, N. 
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one of the conftituent founcfs be not equal to the fame intervals The 
belonging to the found or founds which accompany it, the 
condary intervals, or fmall parts of time fcparating the pulfcscreate jnddimi- 
which fall in fuccelTion on the ear, will vary in magnitude 
in the fame manner that the diilances between the figures upon^^s in a Me aii4 
the face of a barometer and its nonius vary, none on thefllcicr 
coinciding with Ihofe on the fixed plate excepting the higheft 
and loweft. I have chofen this familiar inftrument to illuttrate 
Dr. Smith’s method of explaining the phylical caufe of com- 
pound founds, becaufe it affords a vifible example of a c}cle 
of pulfes, according to his notion of the fubjeft. 

The Iketch which I have exhibited of Dr. Smith’s hypo- Another theory 
thefis thews, that he allow'ed that a number of fimplc founds^*^*^' Young b), 
might exift in concert, and ffrike the ear in a diftindt manner, 
without fuffering any interruption in their motions from the 
interference of their pulfes. But a late wTiter on found rc- 
jedts this axiom in Harmonics as a mathematical inconfiffcncy ; 
and fubffitutes the following theory of compound founds in the 
room of it. If t\\^ mufical firings, differing in their times ofthat the pulfes 
vibration, happen to vibrate in concert, they do not 
two difiindt founds in the opinion of this gentleman, becaufe 
the firings agitate the air in conjundtion ; confcquently the 
pulfes, which one of them would adtually form in an undif- 
turbed atmofphere, muft unavoidably clath with thofc which ^ 
the other firing would produce in fimilur circumfianccs. 

Hence the waves of air belonging to both firings are inter- 
rupted in their natural progrefs, and are compelled by their 
mutual interference to coalefcc, thereby producing a new fiic-and formapccu- 
celfion of pulfes, confiituting a fingle found in the place ol 
two. This found is of a peculiar kind ; for, the pulfes ot unequal and dif- 
which it confifts, arc feparated by unequal intervals of time, 
and difpofed in cycles. 

The merit of the preceding theory, when compared with Examination of 
Dr. Smith’s hypotliefis, muft be afeertained by contrafting it^hcjattcr theory* 
with a variety of fadls, which are furniflied by the phaenomena 
of compound founds, and make a part of every man’s expe- 
rience. For, if it be found upoA examination to be ^pugnant 
to thefe fadls, it will prove inconfiftent with nature, and cannot 
fail of difappointing the inventor’s expedlations. 

Were it poflible fora number of founds tocoalefce, and form If founds could 
but one, the compound would acquire fcnfible properties peculiar 

to new compound j 
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to itfclf, and at the fame time lofe <ne diilinguiftiing characlcfs 
of' its elements, fomc of’ which are incompatible with thequali- 
In which the car tics oi' an individual. On this I’uppolition, the prefence of 
the conllituent founds could not be deteded by the car in this 
newly created being : on the contrary, an experimental pro- 
cefs would be re(|uired to analyfe every compound found the 
firft time it attraded a man^s attention, lor the famcreafon that 
a chemirt finds it ncccffary to analyfe a fubftance with which 
he is unacquainted. The abflradl term coaltfcence is ufed, in 
a phyfical fenfc, to fignify any intimate union of bodies or the 
powers of bodies ; and the inlrodu61ion of the term into lan- 
guage proves the cxiflence of the principle in nature, or more 
properly in the human mind. For, when a number of agents 
ad in conjundion upon one of the fenfes, wc have two ways 
of conceiving their mode of operation. If the fenfible elfeds 
of each agent be diflindly perceived, we attribute a feparate 
adion to every member of the aU’emblagc, and call the aggre- 
gate a mixtuie ; this is the conclufion of a pcrlon who taftes 
an infufion of pepper in vinegar. On thp other hand, when 
^^e know that ceitain agents arc prefent without being able to 
recognize their diflinguithing powers, in the room of which 
wc find qualilies of a ditferent defeription, wc pronounce the 
aggregate to be in a fiate of coalefcence. This is the lituation 
of the chernifl, who taftes common fait, but cannot perceive 
the prefence of foda and the muriatic acid. It is my bufinefs 
founds are mix- (hen to prove compound founds to be 7mxtur€s, not aggregates 
Hnation^r coalcfcence. This I (liall endeavour to do, by ftiewing 

that they have properties which belong not to individuals, 
fiich as a number of tones, a variety of diredions, and feveral 
fels of pulfes, 

Inftanccs. The Flrft, the tones of a flute and violin are as diftind to fenfe 
flute and violin as any two things can be when they are founded feparately ; 
gu^iAahlehi^'on- ^ appeal to common experience to determine, if they arc 
(crt, not equally diftind when heard in concert. Taking it for 

granted that the anfwer will be in the aftirmativc, I pronounce 
the courfesi'f the the aggregate to be a mixture of founds in one cafe. Secondly, 
two founds arc ^ violin found in front of the hearer, and a flute be heard 
vrhen they dtffcr. at the fame time in an oblique fituation, the perfon thus cir- 
cumftanced is able to determine the relative pofitions of the 
two inftruments, which fliews the aggregate to have two co- 
temporary diredions. It is therefore a mixture of founds, npt 

a fingle 


Compound 
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fi (ingle found. Thirdly,*! have found by making the expc- A number of • 

riment, that any number of mufical ftrings may be made to 

vibrate by a compound found ading upon them, provided tijis the compound 

compound be occafioned by an equal number of firings '' ilh 

the former, having one in the latter fet in unifon with eaeli o:i<’ 5 . 1 r; to each 

in the preceding fet. Tliis is an experimental proof that iIkm c ’ -tively. 

are as many fets of pulfes in an aggregate of Ibuntls as lli.i. 

aggregate contains elements, becaiife no tiring whatever is in 

unifon with a concord or difeord. Lallly, if it were pollible If founds coalcfco 

for founds to coalcfce, men would never hear any thing 

than one noife at one time : The general hum would liave va- varying noife. 

ried perpetually from the extindion of cxitling founds, and 

the intrufion of fretli ones ; but the human mind would have 

had no conception of two cotemporary tbunds; bccaulb the 

ear being in that cafe incapable of conveying the complex fen- 

(ation, the idea of fuch an exitlencc would have tranlgrctfed 

the fphere of human knowledge. The preceding arguments 

are diawn, tor the mod part, from common experience; and 

they fliew, that the J'rce patfage of coteinporary founds through 

the air may be fafcly admitted as an axiom in harmonies. I 

diall therefore proceed to prove the fame propotition (0 be 

contitlent with the dodiine of forces. 

The propagation of found through the atmofphere, and the Mechanical 
nature of aereal pulfes are commonly explained in elementary 
books of natural philofophy ; I tliall, for this reafon, enume- 
rate only a few ])articulars, the recollcdion of which will be 
found ufeful, 

Propofiiion I. Two contiguous particles of air which are Prop. i. Vibra. 
agitated by a vibrating body, either diredly or by the of 

vention of an elaftic medium, receive two motions from each found. * 
impulfe; firft, an abfolute motion carries them to a greater 
diftance from the founding body, and afterwards brings them 
towards it again, both the progrefs and regrefs being per- 
formed in the time of a (ingle vibration : fecond, a relative 
motion refulting from the former, compels the two particles 
to approach and recede alternately, which double motion is 
?ilfo accompli(hed in the time of a (ingle vibration, 

Propofition II, Both the abfolute and relative motions are Prop. 2. The 
greateft araongft thofe particles which are neareft the found 
body, and they diminilh as the didance from that body in- • 

^re^fes ; but, in all cafes, the change of its place too fmall to be 

perceived 
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perceived by the ear, on which account every particle pre^ 
ferves a fixed pofition in refped of this organ and its connec- 
tions. 

P’or each corpufcle is confined within the circumference of 
Tbyjlcal right ^ phyfical riglit line, the diameter of which is determined by 
its own abfolute motion. 

Prop. 3. A par- Propofition III. If two founding bodies, affording different 
terfeftion o^two conjun6Iion upon the fame particle, through the 

rows of particles media of two right lines of fimilar particles conne6ting them 
fe"cnt^found's^* particle will be urged at the fame inffant in the 

will be urged *in dire6lion of thefe lines, by two forces having an inconftant 
thofe lines by ratio. 

particle A be urged, by the acu ter found, in 
the line SA, and by the graver, in the line TA; (mdc~ 
f ig. 2, Plate IX.); then the contiguous particle V, placed 
in SA, will approach to, and recede from A more fre- 
quently than W, fimilarly placed in TA, by Prop. I. : confe- 
quently the force of V upon A will vary in a quicker manner 
than the force of W upon A ; but this , variation of ratio is 
limited in time ; becaufe it evidently begins and ends with the 
cycle of the vibrations of the founding bodies. 

Prop. 4. The Propofition IV. The coalefcence of two founds is impof- 
Jion onhe paV. mechanical principles. 

liclc neceiTary to For, fuppofe the thing poflible ; then the coalefcence of two 
coalefce^c^"is^^ founds requires, that a particle of air fhould polfefs a motion, 
impoflible. compounded of the motions which the two founding bodies 
would impart to it feparately ; and that this compound motion 
iliGuld a6l in a given right line, for an affignable part of time, 
otherwife it could not excite a fimilar motion in the elaffic par- 
ticles occupying that given right line. Let A be fuch a par- 
ticle, and let the conffru6lion ufed in the laft propofition, be 
retained; confequently (Principia, Prop. 23, Lib. 2.) VA 
and AW are in the ratio of the forces that a6l at any moment 
in the right lines TA and SA. Make AK as AW, and draw 
KL parallel to AW, and make it as AV ; alfo join AL ; then 
will the particle A be urged in the direftion LA at that inffant. 
But the ratio of AK to KL varies perpetually, by Prop. Ill, ; 
therefore the fpecies of the triangle AKL is equally inconffant; 
confequently the compound force does not a6l in a given di- 
rcflion for an affignable part of time. Now the production 
and propagation of motion in a given right line requires force 

to 
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to be combined with time* which combination is wanting in 
the prefent inftance ; wherefore the coalefcence of founds is 
impoffible. 

Propofition V, It may be demonftratcd from mechanical 5* 
principles, that a number of diftin6t cotemporary founds cannot foun^^^ro- 
do otherwife than produce diftin6l fenfations. diftindt 

In order to make the necelTary diagram as fimple as poflTible, 
let the directions of two cotemporary fets of pulfes be repre- 
fented by the right lines SM and TN, lying in the fame hori- 
zontal plane, and interfering in the point A ; al fo, let BCD 
be the horizontal feCtion of the hcarcrN head, made by the 
fame plane; and fuppofe the centre of the a^is of hearing to 
be at O ; draw OM, ON perpendicular to SM, TN. Now 
I have (hewn in the preceding paper*, that if a let of pulfes 
move in either of the right lines SM, TN, it will excite a 
fenfation in that part of the head which is cut off by a vertical 
plane, pafiing through one of the perpendiculars OM, ON. 

It alfo appears from the laft propofition, that thcimpulfes of 
the vibrating bodie<^ aCting in the lines SA, TA, do not com- 
pel the particle A to move in any given intermediafe direction, 
as LA. But, according to the fecond propofition, the pohlion 
of the particle A, is fixed in refpeCt of the planes MO, NO ; 
that is, though the corpufcle actually changes place, in refpcCl 
of the geometrical point A, it is always found in the intcrlec- 
tion of the phyfical right lines SM, TN. Now the two vi- 
brating bodies continue to aCl in the directions of thefe right 
lines, confequently the particle A is conflantly urged in thefe 
lines by two forces, which, though variable in magnitude, are 
combined with time ; which circumftance enables the corpufcle 
to tranfmit the impulfes of one body to M, and thofe of the 
other to N. What has been demonllrated of the particle A, 
may be affirmed of any other particle, which is the inlerfec- 
tion of two right lines parallel to SM, TN ; in other words, 
it may be affirmed of two fets of pulfes ; and the fame de- 
monflration may be extended to three fets, &c. 

Corollary 1. The fubftance of this and the preceding pro-Thfre propofi- 
pofition will apply to all elaftic mediums ; hence it happens, founds 
that a plate of glafs, &c. in a flate of vibration, will conduCtdufted chiougk 
a foreign found, whilft it produces one of its own; for 

♦ Manchefter Mem, y, 342, or Philof. Journal, 11. 460. 

fame 
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fame reafon, if light be confidered as a vibrating medium, ont 
particle of the luminous fluid may aflift in tranfmitting two 
fen fat ions. 

Corollary 2, When the inclination of the planes MO, NO, 
is lels than a given angle, the car cannot diftinguifli the rela- 
tive pofitions of the founding bodies; it therefore refers them 
to the fame place. 

The firll time I perufed Dr. Smithes Harmonics, Dr, Young^s 
objeflion occurred to me ; but the preceding train of argu- 
ments removed the fcruple, without difeovering the author's 
rcafons for treating this aiticle of his work with fo much.bre-- 
vity. Perhaps the deinonllration, w hich coft me an effort of 
fludy, was an intuitive concluiion in his comprehenlive mind. 
As fooli as the propolition was cflabliflied, I aflented to his 
definition of an interval of found, allowing it to be a quantity 
of a certain kind, terminated by a graver and an acutcr found. 
The demonltialion of Prop. V. convinced me, that intervals 
of this fort may be fubdivided by the interpolition of one or 
more intermediate founds, which conceljlon formed the bafis 
ol* my analyfis of the human voice.* Speculative men may 
difi’er in opinion about the origin of the fmall intervals which 
form the tones of various voices ; but (hey muft cxifl, whether 
we alcribe them to an undulating motion like that of a tlretched 
cord, or to the cotemporary vibrations of a fyflem of elaflic 
bodies. It does not appear, that Dr. Young was acquainted 
with my paper at the time he compofed his own; but he found 
it neceifary to allow the tone of the larynx to receive various 
modifications from the vibrations of the adjacent parts. His 
theory lliercfore differs from mine in this particular only : he 
pronounces the voice to be a compound by coalefcencc ; I 
deny the pofliblilily of fiich a compound, and call it a mixture 
of imperfed unifons. This mixture appears to be a Angle 
found, becaufe it has but one diredion ; for the proximity of 
the various parts contributing to the formation of it, difquaiifles 
the ear, fo that it cannot perceive their relative pofitions, and 
compels it to refer them all to one place, by Corollary 2 to 
propofition V. 

* Manchefler Mem. v. 5S, or Phil. Journal, Quarto, IV. 46. 
for an abridged flateincnt. 
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A certain clafs of founds* which, for the hike of brevity, Clafs of founds* 
were not noticed in my paper on the voice, deferve a place in 
the prefent communication. If a finely-toothed file pafs flowly of ether founds; 
over a fmoolh clafiic fubftance, fuch as a piece of horn, jt giving 

makes a grating noife ; but if the velocity of the infiruinent bcpit^;hj anti the 
fufficiently increafed, a continued found is produced, vi hich th? tone 
becomes more or lefs acute, by giving a quicker or flower ^ 
motion to the file. The grating noife is occafioned by a fuc- 
ceflion of lliort interrupted founds, refulling from ihe united 
vibrations of the file and the body it fcratches ; but the quick 
fiicceiiion of thefc founds, caufed by an increafe of velocity, 
gives rife to a fecondary found refeinbling the harmonical 
notes, being produced by a like caufe. Now this found be- 
comes a primary objed with the car, in all probability bccaufe 
the pitch of it may be varied ; for the firfl founds proceeding 
from the adion of the file, evidently fupply nothing but the 
tone. Many inflances of the kind occur in art and nature : 
the notes of all reed-inflruments are of this defeription, and 
(he voice muft be referred to the fame clafs, bex aufe the la- 
rynx refemblcs a reed-inftrument in flrudure. 


VI. 


Experiments and Obfervaiions to determine ivhether the 'f2aahiiti/ 
of Rain and Dew is equal to the ‘Jluanlitj/ of Rater carried of 
by the Rivers and ralfed hi/ Evaporation ; uith oji Enquiry into 
the Origin ofSpjings, Bjy Adr. John Dalton 


It is fcarcely poflible to contemplate without admiration the 
beautiful fyllem of nature by which the furfacc of the earth is 
continually fupplied with water, and that unceafing circula- 
tion of a fluid fo effentially necctlary to the vcry^belng of the 
animal and vegetable kingdoms takes place. Naturalifts, 
however, are not unanimous in their opinions whether the rain 
that falls is fuflficlent to fupply the demands of fpring:. and ri- 
vers, and to afford the earth befides fuch a large portion for 
.evaporation as it is well known is laifed daily. To afeertain 
this point is an objed of importance to the fciencc of agricul- 
ture, and to every concern in which the procuration and 
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* Manchefter Memoirs, V. 345. 
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management of water makes a part, whether for domerfic 
purpofes or for tlicaits and manufactures. 

For the fake of pcrfpicuity I have diftributed the fubjeCl 
under four heads : 

Divlfion of th« ] . Of the quantity of rain and dew. 

iubjed. 2^ Qf quantity of water that flows into the fea, 

3. Of the quantity of water raifed by evaporation. 

4, of the origin of fprings. 

SECTION I. 

Ail EJiimate of the Quantity of Rain and Dciv that falls in England' 
and Wale^ in a Year, 

Annual quantity Rain-gages have been fixed of late years in almofl every 
of rain and dew part of the kingdom ; by means of them we are enabled to 
determine, with conliderable exaClnefs, the depth of water 
Inland counties that the rain yields in any given place. Inland counties have 
thM coaft?*”and^^^^ maritime ones, efpecially thofe which border on 

mountainous the weflern feas. But a ftill greater difference feems to take 
place between a mountainous country aifd a champaigne, or 
flat country ; in the former there often falls double or triple 
the quantity of rain in a year, that there does in the latfer, 
and never lefs than an equal quantity. It may be obferved, 
that feveral years account of the rain at any place is required 
. before a medium yearly quantity can be obtained with fuffl- 
cient accuracy. The following is perhaps the largeft collec- 
tion of accounts of rain fallen in different places in England 
that has hitherto appeared : They arc nioflly taken from the 
TranfaCtions of the Royal and other Societies. 


Qiiantitles tabu- Counties (maritime) 
Uted. Cumberland - 

Westmorland 

Lancashire 



Mean annual depth 

Places, 

in inches. 

Kcfwick, 7 years 

- - 67. 5 

Carlifle, 1 year 

- - 20. 2 

Kendal, 11 years 

■ - - 59. 8 

Fell- foot, 3 years 

- 55. 7 

Waith Sutton, 5 years - 45 

Lancafler, 10 years 

t 

1 

Liverpool, 18 years 

- 34. 4 

Manchefter, 9 years 

- - 33 

Townlcy 

41 

Crawfhawbooth, near 

Hading^ 

den, 2 years 

- - 60 


Gloucestershire 
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Mean annual depth 

Counties (maritime) Places. jn inches. 


Gloucestershirr 

Briftol, 3 years 

29. 

2 

Somersetshire 

Bridgewater, 3 years - 

29. 

3 

Cornwall - - - 

Ludguan, near Mount’s Bay, 




5 years ------ 

41 



Another place, 1 year - - 

29. 

9 

Devonshire 

Plymouth, 2 years - - - 

46. 

5 

Hampshire - - - 

Selbourne, 9 years - - - 

37. 

2 


Fy field, 7 years - - - - 

25. 

9 

Kent 

Dover, 5 years - - - - 

37. 

5 

Essex - - . - 

Upminfter, 

!9. 

5 

Norfolk - - - - 

Norwich, 13 years - - - 

25. 

5 

Yorkshire - - - 

Barrowby, near Leeds, 6 years 

27. 

5 


Garfclalc, near Sedbergh, 3 y. 

52. 

3 

Northumberland 

Widdrington, 1 year - - - 

21. 

2 

Counties {inland) ^ 

Places. 

Means. 

Middlesex - - - 

London, 7 years - - - - 

23 


Surrey - - - - 

South Lambeth, 9 years - - 

22. 7 

Hertfordshire - 

Near Ware, 5 years - - 

25 


Huntingdonshire 

Kimbolton, 7 years - - - 

25 


Derbyshire - - 

Chatfworth, 15 years - 

27. 

8 

Rutlandshire - 

Lyndon, 21 years ---- 

24. 

3 

Northamptonshire 

Near Oundle, 14- years - - 

23 



General Mean - 

35. 

2 


This general mean of 35, 2 inches is, I apprehend, a little Mean quantity} 
above the medium for England and Wales, as the greater 
number of places are thofe where much rain falls. If we take 
a mean for each of the above-mentioned counties’ (where more 
than one place in a county is given) and then a general mean 
from the counties, the refult is a reduced mean of 31. 3. Even 
then it may be objedled that the greater part of the counties 
are maritime ; but it mu ft be obferved, that there is no ac-* 
count of rain in Wales ; and we may fafely conclude, that 
the rain in Wales would exceed the laft-mentioned mean as 
VoL, IV March. M much 
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much as the inland counties of England, not in the above lift, 
would fall lliort ; becaufe Wales is both a mountainous coun- 
try, and expofed to the fca. 

Corrected We will therefore conclude, that the mean annual depth of 

land wd°Walcs. England and Wales, deduced from thcfe 20 counties, 

is 31 inches : A quantity which fubfequent obfervations, I am 
confident, will not diminifti, and probably not increafe much *. 
Quantity of dew. Jt remains to eftimate the quantity of dew that falls in a 
fitcd by thi/cold Some have doubted whether dew is derived from the 

of night. air or the earth ; but a proper attention to the phenomena will 
fatisfy us, that it is a depofition of water, evaporated during 
the heat of the day. With refpedl to the quantity that falls in 
a year, we are much at a lofs, as no daily obfervations have 
been made for a feries of time that I know of: indeed, it 
would be difficult to preferibe a mode of obfervation. Dr. 
Eftimate by Dr. Hales (- relates fome experiments made to determine the quan- 
tity of dew that falls upon moift earth, from which he eftimates 
the annual dew at 3. 28 inches. But it is probable that the 
dew which is depofited on grafs is mucivmore copious than 
what falls on moift earth, becaufe grafs expofes much more 
Annual quantity furface in a given acre of ground. If we take the dew at five 
fivc^inches!” inches annually, it will probably not be much over-rated : 

fuppofing itlhould be over-rated, the excefs may Hand againft 
the rain that is loft by evaporation from the furface of the rain- 
gage each time it rains X. Whereiorc, upon the whole, we 

iliall 

• The editors of the Encyclopedia, under the article Weather, 
from 1 6 places of obfervation, make the annual mean for Great 
Britain 32. 53 inches ; and M. Cotte, in the Journal de Phyfique 
for 1791, gives a mean derived from 117 places indifferent parts of 
the world equal to 3}-. 7 inches. 

f Vcg. Statics, Vol. 1. page 52. 

X Since writing the above paragraph on dew, I have had oeca- 
fjon to make ieveral experiments on the fubjeft of aqueous vapour, 
as it exifts in the atmofphere, the refult of which will, I am per- 
fuaded, materially illuftrate this important queftion in phyfics.— At 
prefent I ihall only obferve, that the following conclufions feem 
deducible from the experiments above referred to. 

Generalities That aqueous vapour is an elaftic fluid fui generis ^ diffufiblc 

concerning aque- in the atmofphere, but forming no chemical combination with it. 
ous vapor# 2. That temperature alone limits the mMttnum of vapour in the 

atmofphere. 


3. That 
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fhall have 36 inches of water at a medium annually on the Annual quantity 
furface of the earth in England and Wales, reckoning 31 
rain and five for dew. 

According to Guthrie, the area of England and Wales is Computed quan- 
40.450 fquare miles. This reduced to fquare feet, g^ves 
1. S78. 586. 880.000 : which, multiplied by three feet the an- cubic miles, or 
Dual depth of rain and dew, gives 4.135.700.690.000 cubic d^oufand 
feet of water = 153.476.320.000 cubic yards, or 28, cubic 
miles =115 thoufand millions of tons in weight, nearly. We 
muft now confider how this enormous quantity of water is 
difpofed of. 

There are two principal ways by which the water derived It Is can led off 
from rain is carried off again : one part of it runs offimme- fpringg|^an^\y 
diately into rivulets, or finks into the earth a fmall way, breakis evaporation* 
out again in lower ground in the form of fprings, IhencO 
makes its way to fome river, by which it is conveyed into the 
fea — another part is raifed into the atmofphere by evaporation. 

We take no notice here of the decomj)ofiiion of water by ve- 
getables ; becaufeait is prefumed that in the courfe of nature 
the principles are combined and water formed again. 

5. That there exifts at all times, and in all places, a quantity of 
aqueous vapour in the atmofphere, variable according to circum- 
ftances. ^ 

4. That whatever quantity of aqueous vapour may exift in the 
atmofphere at any time, a certain temperature may be found, below 
which a portion of that vapour would unavoidably fall or be depo- 
fited in the fdTm of rain or dew, but above which no fuch diminu- 
tion could take place, chemical agency apart. This point may b«i 
tailed the extreme temperature vapour of that denfity. 

5. And that whenever any body colder than the extreme tempe- 
rature of the exiting vapour is fituated in the atmofphere, dew is 
depofited upon it, the quantity of which varies as the furface of 
the body and the degree of cold below the extreme temperature. 

N. B. The extreme temperature of vapour in the atmofphere va- 
ries all the way from the actual temperature of the atmofphere to 
10, 15, 20 or more degrees below it.— The point may generally be 
found in the hotteli months by pouring cold fpring water into a dry 
and clean glafs, and marking what degree of cold is fufficient to 
|)roduce a dew on the outfide of the glafs $ at other times frigorihe 
faline folutions may be ufed. 


M2 


SECTION 
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SECTION 2. 

An YJliniate of the Quantity of Water that flows into the Sea from 
England and Wales in a Year. 

Method oHc- To calculate the quantity of water that flows dow n any one 
much”wa^ter°'"^ ^ given time, feems at firfl view a queftion 

flows through a of great difficulty. The neceffary data, however, may be 
*^*^®*^* obtained with confiderable exa61nefs, by proper obfcrvations, 

and then it becomes an eafy cafe of menfuration. Dr. Hutton, 
in his Philos, and Mathemat. Dictionary, article River, pro- 
pofes a very good method to determine by experiment the ve- 
locity of a river : — A cylindrical piece of light w^ood, its length 
fomevvhat lefs tl)an the depth of the waters, is to be taken, 
and a few fmall w^eights attached to one end in order to make 
itfwim upright. To the other end a fmall rod is fixed* in the 
centre in direction of the axis. This being fuffered to float 
down the flream will move with the velocity of the water ; 
and if the rod be obferved to incline towards the river upward 
or downw-ard, it thews the current to be* more rapid at the 
bottom or furface refpeCtively. 

This experiment being made in the middle and near the 
Ikies of a river, a medium velocity may be obtained. Then 
the medium, breadth, depth, and fpacc run over in a certain 
• time being multiplied together, will give the quantity of water 
that flows down in that time. 

Dr, Halley, in Order to eftimale the quantity of water that 
flows into the Mediterranean fea by means of rivers, makes a 
comparifon of the great rivers of Italy, &c. with that of the 
EiVimatc of wa- Thames. (Philos. Tran faCl, Abridg. Vol. 2. Page 110). He 
t^e Thames! the breadth of the Thames at Kingfton Bridge to be 

100 yards, its depth three yards, and velocity two miles per 
hour. He profcflfedly over-rates the dimevflons, in order to 
allow more than a fufficiency for the ftreams received below’ 
Kingfton. This aflumption gives the area of a tranfverfe fee- 
tion of the river = 300 fquare yards, and the quantity of 
water flowing down =: 20.300 000 tons in a day. This muft 
be over-rated by at leaft, I. think, one third : — If the breadth 
be alfumed 100 yards, the depth three, and velocity two miles 
per hour, it wilt then give ^ of tlie refult above mentioned ; or 
it will amount to the fame thing if we take part from all the 
three data affumed by Dr. Halley, the refult being | of that 

above. 
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above, amounting in the year to 166.62-l-.123.000 cubic feet, 
which is a little more than part of all the rain and dew in 
England and Wales in a year, as above deduced. 

By an inlpedtion of the annexed map of the rivers of this 
country, as well as by a fair calculation, it appears, that the 
water of the Thames is drawn from an extent of country ot 
about 600 fquare miles, or ^ of the area of the whole, nearly. 

The Severn, including the Wye, fpreads over an equal or 
greater extent of country : and that collection of rivers which 
conflitutes the Humber is fuperior to either of the other two 
in this refpeCl. As far as my own obfervation goes, the Se- 
vern and Wye mult difembogue as much or more water than 
the Thames ; the Humber I have not feen colleCtedly, but 
have noticed molt of the branches conftituting it, and lliould 
apprehend it cannot be inferior to the Thames : all other cir- 
cumllances being the fame, the quantity of water carried 
down by any river rtmuld be as the area of the ground from 
which the water is derived, and on this account the Humber 
ought to exceed the Thames *. 

The Severn, which is partly derived from the mountainous and the diftri4ta 
country of Wales, is certainly the moft rapid of the three ri- 
vers, and probably carries down the moft water : as the 
Thames, however, is generally confidered to take the lead, 
we will fuppofe, upon the whole, that thefe three rivers are 
equal in this refpeCt. 

The counties of Kent, Suflex, Hamplliire, Dorfetfliire, which fupply 
Devonftiire, Cornwall, and Somerfetfliire, from the Medway 
to the lower Avon inclufi vely, in an extent of 11.000 fquare 
miles, do not prefent us with many large rivers. From their 
number and magnitude, we cannot form a high eftiinate of 
their produce. The quantity of rain for thofe counties is in-, 
deed near the average for the kingdom, as far as the preced- 
ing obfervalions determine ; but the milder t^perature of 
their winters and greater heat of their fprings and fummers, 
will caufe a greater evaporation than in fome other parts ; It 
is probable the rivers in thefe counties may amount, when 
taken together, to times the magnitude of the Thames, 

The rivers that difembogue their waters on the coaft of Lin-* 

* A more perfect theorem will be given afterwards^ for finding 
the quantity of water carried down by any river. 


colnfliire, 
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coinfhire, Norfolk, Suffolk and Effex, from the Humber to 
the Thames, though drawn from a country of 7000 fquaro 
miles, manifeftly fall far fliort of the Thames, The two 
places in this diftridl, for which we have accounts of the rain, 
Norwich and Upminfter. give a mean of only 22^ inches an^ 
nually. This, with the flatnefs of the country, which pre- 
vents the water from running off in fome degree, makes the 
rivers much lefs than what might otherwife be expected from 
the extent of ground. There arc but three or four of any con- 
feqiiencc. Probably all the rivers may amount to half the 
fizc of the Thames. There remains above 6000 fquare miles 
in Wales, from the Wye to the Dee, inclufive of the laft, and 
the northern counties ofLancafter, Weftmoreland, Cumber- 
land, Northumberland, and Durham, with part of Chefhire 
and a fmall part of Yorkfhire, from the Merfey round by the 
Tweed to the Tees, amounting to 7 or 8000 fquare miles, to 
be clbmated. 

The rivers upon Thefe two divifions, though not larger than fome others, 
confidered rivers, many of which are confiderable in magni- 

carryingofF 13 tude and of great rapidity. The rains at an average, it is 

Inches out of the probable, are double what they are in the S. E. counties of the 
46 m their fall . . , r i-o r • 1 1 

annually. kingdom. The rivers in thefe two diltncts cannot fairly be 

eftimated, I think, at lefs than four times the Thames. ' It 

appears, then, that by this eftimation, the water carried off 

by all the rivers in England and Wales, may amount to nine 

times that carried off by the Thames = ) 3 inches of rain. 

There remains ftill fixteen times the water of the Thames, or 

23 inches of rain to account for, before we have difpofed of 

cll the rain and dew. 


SECTION 3 . 


An Eftimate of the Qua?itiii/ qf Water raifei hy Evaporation. 

Evaporation Upon looking over the furface of any country, three prin-* 
cipal varieties of furface prefent themfelves to view, as far as 
refpe6ls evaporation, namely, xxater, ground covered with 
grafs and other vegetables, and bare foil. The difficulties 
that occur in attempts to find the quantity of water evaporated 
in thofe three cafes, are perhaps the principal reafon why our 
knowledge on this head is fo imperfe6l. 


from water, bars As far as experiments hitherto made authorife us to draw 
foil, and covered cQuclufions, it fliould foem that the evaporation from water is 

greatefti 
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greateft ; that from green ground is probably next, and that 
from bare foil the leaft ; though we may prefume, that the 
copious dews upon the grafs more than fupply the excefs of 
evaporation above what takes place from a moift uncovered 
foil. 

The moft fatisfaftory experiments I have feen an account 
of, relating to the evaporation from a furtace of water, are 
thofe of Dr. Dobfon, made at Liverpool, in the years 1772,Dr. Dobfon’s 
73, 71. and 73, (Vid, Philos. Tranfac. Vol. He took 

cylindrical vetfel of 12 inches diameter, and having nearly 
fillecj it with w'ater, expofed it betides his rain-gage of the 
fame aperture, and by adding water to it, or taking it away 
occafionally, he kept the furface nearly of tlie fame hciglit, 
and carefully regiftered the quantities added or taken away, 
by a comparifon of which with the tain, the amount of the 
evaporation was afeertained. The mean monthly evapora- 
tion for four years was — January 1 .50 inches. — February 1 .77. 

— March 2.(S1.. — April 3.30. — May 4.31-. — June 4.41. — July 
5.11. — Aiiguft 5.0i. — September 3.13. — 0£lober 2.51, — 

November 1.51. — December 1.49. — In all 36,78 inches. The 
mean rain for the fame time was 37.48 inches. — In the year 
i793 I found the evaporation from w^ater in a fimilar way at 
Kendal for 82 days in March, April, May and June to be 
5.414 inches. The grea left quantity evaporated on one of 
the hotteft and dried days in fummer was a little above ,2 of 
an inch in depth. 

The experiments to determine how much is evaporated 
from green ground and from moift earth, are very few that 
liave come to my knowledge. Dr. Hales, from a few expe- Hales’s tftl mate 
riments, calculates that moift earth only throws off 6y inches 
annually. — This calculation muft be far below the truth. Dr. 

Watfon, Biftiop of Llandaff, found that in a dry feafon there pr. Watfon 
evaporated from a grafs plat that had been mowed clofe, about a graft 
1600 gallons in an acre per day, which amounts* nearly to ,07^^^^’* 
of an inch in depth ; and that after rain the evaporation was 
coniidcrably more. Now fuppoling ,07 to be the medium 
daily evaporation for May, June, July and Auguft, and that 
as much is raifed in thefe four months as in all the reft of the 
y^car, the annual evaporation in (uch circumftances will be 17 
)r 1 8 inches, which is but half that obferved from water at 
yiverpool, and fix inches lek than the referva of rain dated 
;bove. 


In 
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Experiment on a In order to afeertain this point more fully, and to inveftigate 
fhcw*how^much^^® Springs, my friend Thomas Hoyle, jun. and felf, 

water ran off the praflifed an expedient as follows, beginning in the autumn of 
mTh't^unk°in • Having got a cylindrical veflel of tinned iron, 10 

and how much inchCvS in diameter and three feet deep, there were inferted 
evaporated. pipes turned downwards for the water to run off 

into bottles : the one pipe was near the bottom of the velTel ; 
the other was an inch from the top. The veflel was filled up 
for a few inches with gravel and fund, and all the reft with 
good frefli foil. It was then put into a hole in the ground, 
and the fpace around filled up with earth, except on one.ftde,- 
for the convenience of putting bottles to the two pipes ; then 
fomc water was poured on to fadden the earth, and as much 
of it as would was fulfered to run through without notice, by 
which tiie earth might be confidered as fatu rated with water. 
For fome weeks the foil was kept above the level of the upper 
pipe, but latterly it was conftantly a little below it, which 
precluded any water running oft* through it. Moreover, for 
the firft year the foil at top was bare ; butjfor the twolaft years 
it was covered with grafs the fame as any green field. Things 
being thus circumftanced, a regular regifter has been kept of 
the quantity of rain water that ran off from the furface of the 
earth through the upper pipe (whilft that took place) and alfo 
of the quantity of that which funk down through the three 
feet of earth, and ran out through the lower pipe. A rain- 
gage of the fame diameter was kept clofe by to find the quan- 
tity of rain for any correfponding time. 


Th 
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The following Table Jhem the RefulU Tabulated re- 


Water through the two Pipes. 1 

Mean. 

Mean 

Mean 






Rain. 

Evap. 


Inch. 

Inch. 

Inch. 

inch. 

inch. 

inch. 


1796. 

1797. 

1798. 




Jan. 

1.897— 

,680— 

1.774+ 

1.450+ 

2.458 

1.008 

Feb. 

1.778— 

,918— 

1.122 

1.273 

1.801 

,528 

March 

,431 — 

,070— 

335 

,279 

,902 

,623 

April 

,220— 

,295— 

,180 

,232 

1.717 

1.485 

May 

2.027— 

2,413+ 

,010 

1.493 + 

4.177 

2.684 

June 

,171 — 

,726— 

— 

,299 

2.483 

2.184 

July 

,153— 

,025 


,059 

4.154 

4,095 

Aug. 

— 

■ 

,504 

,168 

3.554 

3.386 

Sept. 



,976 

— 

,325 

3.279 

2.954 

oa. 

— .. 

,680 

— — 

1 ,227 

2.899 

1 2.672 

Nov. 

— 

1.044 

1.59 b 

,879 

2.93 b 

1 2.055 

Dec. 

,200 

3.077 

1,878 + 

1.718 + 

3.20: 

1.484 


6.377— 

10.931— 

7,379 

8.402 

33.560 

25.158 

Rain 30 <529— 

38.791 — 

3 1 ,259 




Evap.l 

23.725— 

27.857— 

■23.862 





The following obfervations were made when the water Variation of the 
paflTed through both pipes : that is, when the veflel was filled 
jup with earth above the level of die upper pipe. 

Top pipe Bottom pipe. 

Inch. Inch. 

170C. Jan. 25 ,190 ,280 

30 ,080 ' ,114 

Feb. 2 ,100 ,254 

8 ,196 — _ ,140 

May 1 ,163 ,000 

I0~-. ,060 ,400 

12 ,312— ,175 

15 ,190 ,260 

June 3 ,120^--. ,040 


Total 1.411 -—1.603 


The column of mean evaporation is derived by taking the Rcmarki on the 
difference of the two columns preceding it ; but it (hould be tables, 
obferved that though this method is fufficiently exadl in taking 

the 
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the year together, it is not fo in taking the months feverally, 
becaufe it prefumes that the earth in the velTcl contains the 
fame quantity of water at the end of each month, or is fatu- 
rated with it; whereas in the fummer months it is frequently 
fliort of faturation. The confequence is, that the evaporation 
appears from this table to be fomething lefs than it really is in 
the fummer months, and fomething more in the antumnal *. 
Conclufions. From thefe experiments it feems we may conclude — Ifl. 
grmjnd'is^3™ quantity of water evaporated, in the circimijlances 

inches. above related, amounts to 25 inches of rain annually ; to which 

if we add five inches for the dew, it will give 30 inches of 
water raifed annually. 

Jt increafes with 2d. That the quantity of evaporation increafes with the 
^ rain, but not proportionally. Thus, 1797 gave the moll rain 

and the greatell evaporation, &;c. 

Deep bare foil 3(1, That it does not appear there is much dilTerence be- 
differ!^ twixt the evaporation from bare earth, when there is fufficient 

depth of foil, and that from ground covered with vegetating 
grafs. The account in 1796 is much wh^t blight have been 
expeded, if the earth had been covered with grafs. 

Whether this this account of evaporation, amounting to 30 inches, 

th^rlvcrnf 1 3, the medium referve of rain of 23 inches, it demands 

making 43 in- an enquiry whether the rain is adequate, or whether the earth 
derives a fupply of water from fome fubterranean refer voir, 
another fupply ? according to the opinion of fome philofophers. 

With refpe6l to the deficiency of 7 inches, there are three 
Reply ; nega- caufes to be afligned for it, which appear to me fully fufficient, 
without having recourfe to any fource but that of rain for the 
fupply of the earth in general. 

The evapor. jft. In the account of the rain that pafled through the earth 
tirtTO^greatl*^* in our evaporating veffel, there are a few monthly products 
marked, + thofe were occafioned by the bottle that received 
the water through pipe being found with the water running 
over; this4or$ was placed to the account of evaporation ; it 
could not be much, as the water was taken feveral times in a 
month, but poffibly might amount to one inch in the year. 

The rain at 2d. The rain at Manchefter, being 33| inches annually, 
cee* the me** medium of 31 inches; and confequently, ac- 

diuin^i 

* N* B* The earth in the veffel always appeared as well fup* 
plied with moifture as the ground around it> in the drieft weather* 

cording 


Deep bare foil 
and fod do not 
difler. 


Whether this 


The evapor. 
was taken a lit- 
tle too great. 


The rain at 
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cording to tlie preceding obfervations, the evaporation ought 
to exceed the medium. 

3d. But the principal caufe of the excefs in our account of aid the water 
evaporation, I conceive to be the prevention of the water 
running off from the furface of the earth at the top, by having freely off at top, 
the earth below the level of the upper pipe : it has been feen, Increafe th« 
that when the eartli was above that level, a great part of the 
water came off tliat way, by which the furfacc was fooner 
dried : whereas by forcing all the water to fink through the 
earth or (land on its furface, a greater degree of moifture per- 
petually exifted at the furface, and confequently afforded a 
greater fcope for evaporation, than the furface of the earth in 
general would do. 

Upo# the whole then I think we may fairly conclude — that Hence the rain 
the rain and deiu of this country are equivalent to the quantity fupp*iy^he eva- 
of water carried off by evaporation and by the rivers. And as poration and thi 
nature a£ls upon general laws, we ought to infer, that it muft 
be the cafe in every other country, till the contrary is proved. 

This conclufion being admitted, we are enabled to deduce Theorem for 
a general theorem for tlie quantity of water carried down into 

I/'t •• , \ r .t 

the fea by any river in any country (on the luppofition that ur carried by i 

rivers are ramified alike) provided we have certain data: Ihefe 

data are the length of the river, and the excefs of the rain 

above the evaporation in the country from which the water of , 

the river is drawn : alfo, it fliould be known by obfervation, 

bow much water feme one given river carries down. 

For, from the principles of geometry, the area of country 
from which any river is fupplied, will be as the fquare of the 
length of the river ; and tlie quantity of water carried off, will 
be in the compound ratio of the area of the country, and the 
excefs of tlie rain and dew above the evaporation. 

Thus, let L = the length of any river, E = the excefs of Statement# 
rain and dew above the evaporation, and Q = tfae quantity of 
wat^r difembogued in any given time by that river ; 1 = the 
length of any other river, e = the excefs, &c. and q = the 

Q le 

quantity of water ; then w e ftiall have q = 

Ejf.gr. Suppofc the length of the Thames = 200 miles. Example, 

^nd the excefs = 5 inches, eftimating the rain and dew at 30 
Inches and evaporation at 25 j and fuppofc the river Kent, in 

Weftmofland| 
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Weftmorland, to be 20 miles in length, and the excefs 35 
inches, the rain and dew being fuppofod 65, and evaporation 
30 inches. 

20* X Sj X Q 7 Q 

— = w = ‘i ^ ^ r 'i 5 which 

rrfalt, I believe, will be found to accord nearly with the mea- 
furement of the two rivers on the principle before mentioned. 

SECTION 4. 

On the Origin of Springs. 

Catjfc of fprijifis. The origin of fprings has always beenjaflly confidered as 
a queflion of natural hillory worthy of inveftigation. — In the 
infancy of fcience hypothefes are formed to account for phe- 
nomena 5 but when fa 6 ls arc difeovered totally inconfillent 
with an hypothelis, it ought to be difearded. This does not 
feem to have been the cafe in the fubjed before us ; for vari- 
ous opinions are ftill held by fome, which it is impoffible to 
fupport by fafls. The objefl of the following remarks and 
experiments is to afeertain the difputed point if poffible. 
Opinions* There are three opinions refpefting the origin of fprings 

which it may be proper to notice, 

1 . Rain and ift. That they are fupplied entirely by rain and dew.- 

a^'subt-rrafican principally fupplied by large fubterra- 

refervoirs. nean refervoirs of wates, 

3 . Filiation 3d. That they derive their w^ater originally from the fea, 
from the fea. principle of filtration. 

Whether the It IS obvious, that before we pay any attention to the two 
fufficienf caufes afligned in the firft ought to be 

proved infufficient by direA experiment. M. de la Hire is 
the only one who has attempted to do this, as far as my in- 
De la Hire’s cx- formation extends, in the Parifian Memoirs for 1703. He 
Sn*iSed procured a leaden veflel eight feet deep, having a pipe at the 
through a mafs bottom ; this he buried in the earth, and filled with foil of 
fee” loam, expofing the furface to receive all the rain 

that fell. After 15 years trial, he found that no water had 
run through the pipe at the bottom. 

Shallower vcffcl. Again, he took another veflel, eight inches deep, which he 
filled with earth and expofed in like manner. No rain pene- 
trated fo as to run out at the bottom from June to February ; 

2 but 
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but after that time it yielded a quantity after moft rains. An- 
other veflTel of twice the depth, or 16 inches, gave a refult 
much like that of eight inches. Farther, M. de la Hire found, 
that when herbs were planted in the foil of the laft mentioned 
veflcl, and grown up, no rain penetrated through the foil, but 
inftead thereof it was not fuflicient to fuftain the vegetation ; 
for the plants would require to be fprinkled occafionally, or 
elfe they began to droop and wither. 

With refpedl to the firil mentioned fad, we need not wonder Rcmtrks. Paris 

that no water penetrated through eight feet of earth at Paris, 

‘ ^ inches annual 

• where the annum rain is but 20 inches, when only eight or rain; 

nine inches penetrated through three feet of earth here, where 

the rain, is 33 or 34- inches annually. But it docs not follow 

that rain may not defeend down declivities of the ground into but the higber 

vallies or lower parts, at Paris as well as here, and being 

cumulated may penetrate into the earth to a confiderable depth, afford waters, 

efpccially if it meet with channels or chafins of any kind, or^^^* 

declining flrata of eartli that are impenetrable by water. Paris, 

I believe, however, is not very liberally fupplicd with fprings, 
as might be expeded. As to the experiment upon vegetation, 
it only proves that the ram in fpring and fumrner is fometimes 
not fufficient to fupport vegetable life, a fad which may rea- 
dily be granted ; but then in his experiment the plants were 
precluded from a fupply of moiflure from the earth beneath > 
the veflel, which is a referve of the utmoft confequence in dry 
fcafons. 

This circumflance of water afeending again in the earth, Wjrer after 
on whatever principle it iseffeded, cannot be de nied. — There flaking into the 
were 4-^ inches of rain here in July laft, none of wliich parted 
through the earth in the evaporating velfel ; this earth, how- 
ever, at the end of the month, was far from that degree of 
drynefs which is unfit for the fupport of vegetation. — During 
the firft four days of Auguft there fell about thjee inches of 
rain, and only i an inch penetrated through the eaith in the 
evaporating veflel. Confequently three feet in deplh of earll> 
that was moderately moift imbibed nearly three indies of rain 
before it was faturated; whence we may. conclude tfiat three 
inches nearly had afeended and been evaporated. ^This evi- 
dently (hews, that earth is capable of holding a very great 
proportion of water, that in fumrner the water afeends to 

ply 
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ply the txigencies at the furface, and that earth far under the 
point of faturation with moitlure is Ailt fit to fupport vegeta- 
tion. 

Queftlon. How This obfervation fuggefled the following queftion— How 

much water i^s water is there in a given depth of earth when the foil is 

contained in la- . o . , i • i. • i 

turaced ground, at the point of faturation^ or in that itate when it begins to 

yield water from the lower pipe of the evaporating gage ? 
Experiment, i To determine this I took a quantity of garden foil that had 
foot faturated foaked with rain a day before, and prefTcd it into a cru- 

inches water, cible ; in this ftate I found its fpecific gravity to that of water 

L 2is five to three. It was then expofed to a moderate heat till 

too dry for vege-it appeared, as near as I could judge, ot the lame moilture 
tatjon. as garden foil two inches deep in dry fummer weather ; after- 

wards it was expofed almoft to a red heat till it became a peif- 
fedlly dry powder ; in the former cafe it loft ^ of its w^eight, 
and in the latter — When it had loft it did not appear too 
dry to fupport vegetation. When it had loft -J, it appeared 
like the top foil in fummer. — Hence it follows, that every foot 
of earth in depth, fo faturated, contains feven inches of water, 
and that it may part with one quarter of its water, or even 
one half, and not be too dry for fupporling vegetation. 

Brick clay nearly Clay, juft dug out for the purpofe of making bricks, was 

tried in the fame manner ; It gave the fame fpecific gravity af 
the earth, and yielded not much lefs water, 4 

Thefe experiments and obfervations prove, that M. de la 
Hire's conclufions, drawn from the vegetation of plants in a 
given quantity of foil, precluded from any communication 
with the earth at large, are erroneous, or at leaft unwarranted : 
As it does not thence appear that the evaporation for the whole 
year exceeds the rain in the year, whatever it may do for a 
month or two in fummer. 

The origin of fprings may ftill therefore be attributed to rain, 
till fome m^ore decifive experiments appear to the contrary ; 
and it becomes unneceflary to controvert the other two opN 
nions refpedling this fubjeft, 

Updn the whole it fliould feem, that at the commencement 
of fpring, the ground is nearly faturated witk^ water for five 
or lix feet in depth, as the rains and dews in autumn and 
winter far exceed the evaporation : There are then five or fix 
i^p^es of water at leafi to be raifed up again to the furface in 

cafo 


the lame. 


De la Hire's 
conclulionf er- 
roneous. 


Sisrings are 
therefore fup- 
plied by the 
rains. 


Springs are 
thence defi< 

Qcnt in fummer. 
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cafe of exigence in the fpring and fummer : If this happen to 
be fo, then it is at the expence of fprings ; for we find the ge- 
nerality of fprings become languid, or entirely ceafe to flow 
at the end of a long drought. As to the few fprings that feem 
to be little affeded by dry or wet feafons, they form exceptions 
which it would not be difhcult to account for. 


VII. 

Defcriplion of an Injlrufnent for extraBing Hard Suhfiances xvltich 
^ may flick during their Pajfage to the Stomach, By G, C. 


To Mr. NICHOLSON. 


SIR, 


Enclosed, i fend you a drawing of an untried 
ment ; if you think it likely to accomplifli the end for which 
it was defigned, you will, perhaps, give it a place in your 
very ufeful work. This inftrument, 1 conceive to be an im- 
provement of that commonly ufed for forcing down any hard 
fubftances that may flick between the mouth and the flomach. 

In many cafes nails, pins, and other metallic njatlers, get into 
this fituation, when it would undoubtedly be preferable to 
draw them up through the mouth, inftead of paffing them into • 
the flomach, where they are no fooner arrived, than they 
furnith a new fpecies of danger to the fuffeier. With thisDefcrifcion. 
view the following inflrument was contlru^lcd. A, B, PI. XI. 
is a rod of whalebone, having a Imall groove down tiic middle, 
from end to end, large enougli to contain a llrong filken 
thread ; this thread is confined to the groove by a few lap- 
pings of fine waxed filk. At B, is fallencd, as ufual, a fponge, 
about one third of the common fize. Juft above the fponge 
is fixed a fmall pulley, round which the filken ijiiead winds, 
and returning up the oppofitc fide of the whalebone to that on 
which it defeended, is tied faft to the bottom of a fmall leather 
cap C. Above this cap, at D, are faftened 12 or 14 fmall 
lilver wires, made to fp» ing into the form reprefented in Fig. 2. 

. Thefe wires by means of loops at their ends, fupport a round 
bag of net-work of fine filk, perforated in the centre to admit 
the whalebone rod. Thefe wires, together with the bijg, 
muft be capable of being inferted and confined in the cap C, 

fo 
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fo as to remain in the pofition reprefented in Fig. 1. in which 
ilate it is ready for being pafled down the oefophagus ; and it 
fcems fcarcely necelVary to remark, that previous to the inftra* 
ment being withdrawn, the cap C niuil be pulled off, by meant 
of the thread at A ; when the wires will expand the net, and 
profs its edge clofe to the gullet on every fide, and in return* 
ing to the mouth, will probably bring up any I'ubftance that 
was lodged there, within it. 

G. C. 

Brompton, Jan. 23, 1803. 


VIII. 


On the Flexure of Wax and other Bodies by irregular cooling, 
with Confiderations on the Probahility that it may be caufed 
the Law of CryJlallization» In a Letter Jrom R. B. 


SIR, 


To Mr. NICHOLSON. 

London, Feb, 15, lv803. 


A STREAM of wax has jufi overflowed lhe‘ cup of the 
wax candle by which I have been reading, and has prefeftted 
me wilh a fad or two which I think worthy the meditation of 
philofophers. If you think fo, pleafe to give them a place in 
your ropofitory. 1 

The fluid wax has forfned a line or protuberance on the out- 
fide of the candle, four inches in length, a little more than 
one fifteenth of an inch in width, or furface applied to the 
candle, and one tenth of an inch jn elevation or thicknefs. 
As it grew cold it has feparated from the candle, fo that its 
lower extremity (lands a little more than half an inch diftant, 
and it does- not touch for the length of two inches and a half 
from the bottom ; all the upper part ftill continuing adherent. 
And laflly, the feparated portion exhibits a regular curve, 
convex towards the candle, and more convex the nearer the 
lower extremity ; fo that, when carefully taken off, and ap- 
plied to feveral circular arcs deferibed upon paper, the diffe- 
rence was very obvioufly perceived. 

Upon ihefe fa€ls I obferve from obvious reafons that !he 
wax which flowed in contact with the folid candle, was more 

fpeedily 
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Ipeedily cooled than that 'which flowed on the outfide of that 
heated wax ; and that that portion of the wax which flowed 
in contadl with the candle, and ran to the grealeft diflance 
was the moft fpeedily cooled« 

And the refult farther (hews, 1. That the dimenfions of Dcdu£tion. Wat 
wax fuddenly cooled, are larger than thofe of wax cooled more Aan If 

(lowly ; and 2 . The quicker the cooling the greater thisdifTe- flowiy cooled* 
rence. For the fluid wax w'as depoflted in a (trait line, and 
its curve figure after cooling (hewed that the interior line or 
convex limit was longer then the exterior or concave limit ; 
and this diiference being greateft where the refrigeration was 
molt fudden, namely, towards the low'er extremity, was fliewn ' 
in the greater curvature. 

I will not, Sir, do your readers the injuflice to fuppofe any Apologeucal 
of them w^ill think the dignity of philofophy impaired by a fpc- 
culation on the guttering of a candle, but will proceed in my 
difquifition ift hopes that others of more lei fare and ability may 
purfue the obje6t farther, if found to deferve it. And as it 
has been a fafliion fince the publication of the famous flrihg of 
queries at the end of Sir Ifaac Newton^s Optics, for fpecu- 
lators to ufe that modeft term to dignify inductions w'hich they 
may (hppofe to be almoft proved, I will take the liberty to 
offer a few on the prefent occafion, 

1, Since the fpecific gravity of fteel fuddenly cooled, Islefs Qu. i. Are not 
than when annealed or flowiy .reduced in temperature ; fince more fpTedUy 
ice and other cryftals flowiy formed, arc generally underftood cooled, congealed 
to be denfer than the produfts of hafty refrigeration ; and fince cryftallucd ? 
in our experiment wax obeys the fame law, is it not probable 

that the law may be general in the cooling of all bodies. Plant 
Experimental 

2. Can this eflfefl be aferibed to any thing but the arrange- j, 
ment of the parts of bodies; and if fo. is it not referable to this cryftalliaa- 
hafty and flow cryftallization ; and are we not therefore jufti- 

fiable in fappofing that the cryflallization of bodms may beaU foiid? 
tered, even in the foiid (late, as in the hardening or foftening 
of fteel. 

' ,3. As the hardnefs of fteel becomes greater and its tenacity Qu. j. Are not 

lefs by fudden refrigeration, is it not probable that all the pro- *** 

_ _ ^ n II- . t 1 1 I more hard and 

ducts of hafty cryftallization are harder as they are known to tenacious? 

be more brittle. Try in fal ammoniac whether its roftnefs or 

flexibility will become lefs by fudden cooling, fuch as fubli- 

VoL, IV. — March. N mation 
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Qu. 4. Will it 
not be ufctul to 
lep-at this expe- 
Tiincnt with 
other bodies ? 


£xperimeiits. 


Exp. 1. An- 
nexed and unan- 
nealed glafs. 
The annealed 
feems hardeil* 


£xp« 2* Lead 
caft on a flab. 
No refult. 


Exp. 3. Type 

metal. Bended 
Bkc the wax. 


mation in an head covered with icc; and examine wlietlicr 
an unannealed glafs tube be not harder than a portion of the 
fame tube flowly cooled. 

4. May not I’ome ufcful indications as to the properties of 
melals and other bodies be derived from the fimple procefs of 
carting a long rtip of them, by pouring the fufed metal upon 
a cold rtone. If the curvature be univerfally like that of the 
wax, the law will be more and more confirmed. If anomalies 
prefent themfelves, our acquaintance with natural events will 
nevcrthelefs be extended and improved. 

Since writing the above, I have taken fome of the materials 
next at hand to make an experiment or two, which I give 
without regarding whether they fupport, modify, or dertroy 
the hypolhefis advanced above. 

Exp. 1. A thick glafs tube which had been bended into a 
fyphon, was broken in two at the place of flexure. It was 
fuppofed that the bended part having been heated and cooled 
a fecond time, might prove fofter from this kind of annealing. 
The extremity of the ftrait part was applied to fcratch the 
bended part, and alfo the other rtrait part ; and contrary wife 
the extremity of one of the bended parU was applied to the 
other portion of tube ; and laflly both ends were feratohed with 
a file. No certainty was obtained, but it was thought that 
the bended part was lurdert 

Exp. 2. Lead was fufed and poured red hot upon a marble 
flab in a long flip. Other lead moderately heated was poured 
out. The pieces did not quit the (ace of the rtone in cooling, 
and they were too flexible to be taken up and examined. 

Exp. 3. Type metal wa’« treated in the fame manner. A 
flat piece one thirtieth of an inch thick, and fix inches long, 
bended upwards from the rtone in cooling, to the height 
or verfed fine of one twentieth of an inch, and retained its 


flexure. 

Exp. 4. Fufible Exp. 4 . Fufible metal or the compound of lead, tin, and 
TeVy muc^^wten poured out in a flip 13 inches long, one half 

nearly coid, cm- being about the fame tliickntil? or Icfs than the type metal, 

frary to the wax^ 

felfMfterwards, * As the tube had been bended with the blow pipe, thcdiflFerencc 
might as well have arifen from oxigenation of the lead or manga- 
nefci or diflipation of alkali, as from fimple heating and cooling. 

R. B. 
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and the other half con (iderably thicker. It did not appear to rife 
from the flab ; but was taken up while quite Warm and held with 
its edge downwards, to prevent any flexure from its weight. 
The thin part immediately began to bend, and the thick part 
foon afterwards, t/ic flexures being concave on the fide which had 
touched the flone, and the verfed fine or height of the curvature 
was one inch at the end of half a minute, after which it gra- 
dually firaighlened itfelf as follows. 

Bar of Fufible Metal 13 Inches long. 


At S*' 51* taken up firait. inch. 

5 if it became bended ; verfed fine 1.00 
54* - - lefs bended - do. - 0.7 

55 . 0.4. 

57 - ■■ 0.25 


60 thin part firait; thick a little curved. 

Another experiment had been made before, without any 
expectation of iuch or fo great a flexure, and no meafures were 
then taken. In this the bar was thinner and the flexure 
greater ; and the return to firaitnefs was not only complete, 
but one end which was very thin became at lafi bended the 
contrary way, namely the face that had touched the flone was 
convex. 

A fmaller piece of two inches in length which was not * 
taken up fo foon, had become bended as it lay ; fo that it 
refied on its two extremities and was hollow in the middle. 
This recovered its firft firaitnefs as it lay on the table. 

I am 

S I R, 

your obliged reader, 

R. B. 


N 2 


IX. A 
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IX. 

An Account of Jb/He Cafes of the Production of Colours, not 
hHherto defcribed. Thomas Young, /V/. /). F. R, S. 
F. L, S. Profejfir of Nalural Philofophy, in the Royal 
Jnftiiution *. 

gcnerlnaw re- HATLVTR Opinion may be entertained of the theory of 

fpcaing two light and colours which I have lately had the honour of fubmit- 
famc^lfght arrlv- Royal Society, it nuill at any rate be allowed that 

it has given birth to tliedilcovcry of a fiinple and general law, 
capable of explaining a number of the phenomena of coloured 
light, which, without this law, would remain infiilated and 
unintelligible. The law i-?, that ** wherever tw'o portions 
the fiime light arrive at the eye by different routes, either 
" exactly or very nearly in the fame diiection, the light bc- 
comes moft intenfe when the diffcience of the routes is any 
multiple of a certain length, and Icaft intenfe in the inter- 
" mediate Hate of the interfering portions ; and this length is 
** different for light of different colours.*’ 

I have already fliown in detail, the fufTicicncy of this law* 
for explaining all the phenomena deferibed in the fecond and 
third books of New'ton’s Optics, as well as fomc others not 
mentioned by Newton. But it is (till more fatisfaclory to 
obferve its conformity to other fads, which conflitiite new 
and diftinct claffes of phenomena, and wliich could fcarcely 
have agreed fo well with any anterior law, if that law had 
been erroneous or imaginary : thele arc, the colours of fibres, 
and tlie colours of mixed plates. 

As I w as obferving the appearance of the fine parallel lines 
of light which are feen upon the margin of an objed held 
near the edge of ^^car the eye, lo as to intercept the greater part of the light ol 
an obftacle in- ^ diftant luininbus objed, and whicli are produced by (he fringes 
wrcepting jg t infledion of light already known, I obferved 

that they were fometimes acco«ipanicd by coloured fringes, 
much broader and morediflind ; and I foon found, that ihcfe 
broader fringes were occalioned by the accidental interpofition 
of a hair. In order to make them more dillind, I employed 
a horfe-hair; but they were then no longer viiible. With a 

* Philos. Trans. 1802. 
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liLre of wool, on the contrary, they became very large and 
confpicuous : and, with a tingle (ilk-worm’s thread, their 
magnitude was fo much increafed, that two or three of them 
feemed to occupy the whole field of view. They appeared to 
extend on each fide of the candle, in the fame order as the 
colours of thin plates, feen by trandnitted light. It occurred Remarks and 
tome, that their caufe mull be (‘ought in the interference p" 
two portions of light, one reficdled upon the fibre, the other reflected from 
bending round its oppofite fide, and at laft coinciding nearly one Ade nearly 
in dire^ion with the lorrner portion ; that accordingly as botn ^ircaion with 
portions deviated more from arcdilincar diredlion, the differ- anot^r^rtion 
ence of the length of their paths would become gradually lengths* 
greater and greater, and would confequcntly produce the differ and pro- 
appearances of colour ul'ual in fuch cafes ; that, fuppofing coiour. 
them to be inflected at right angles, the difference would 
amount nearly to the diameter of the fibre, and that this dif- 
ference miifl confequently be fmaller as the fibre became 
(mailer; and, the number of fringes in a right angle be-^ 
coming fmaller, that their angular difiances would confequently 
become greater, and the whole appearance would be dilated. 

It was cafy to calculate, that for the light Icaft inflected the 
difference of the paths would be to the diameter of the fibre, 
very nearly as the deviation of the ray, at any point, trom the 
redilinear direction, to its difiance trom the fibre, , 

I therefore made a redangular hole in a card, and bent its Prccifc repeti- 
ends fo as to fupport a hair parallel to the fides of the hole ; 
then, upon applying the eye near the hole, the hair or courie 
appeared dilated by indifiin£l vifion into a furfacc, of which 
the breadth was determined by the difiance of the hair and the 
magnitude of the hole, independently of the temporary aperture 
of the pupil. When the hair approached fo near to the direc- 
tion of the margin of a candle that the inflected light was 
fufficiently copious to produce a fenfible effe6l, the fringes 
began to appear ; and it was eafy to efiiinate the proportion 
of their breadth to the apparent breadth of the hair, acrofs 
the image of which they extended. I found that fix of the 
'brightefl red fringes, nearly at equal di fiances, occupied the 
whole of that image. The breadth of the aperture was 
•rl4c* diftance from the hair 

diameter of the hair was lefs than of an inch ; as nearly 
as 1 could afeertain, it was Hence we have -rJiv 

the 
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the deviation of the firft red fringe at the diftance ; and, a^ 
Td J difference of the 

routes of the red light where it was mod intenfe. The meafure 
deduced from Newton’s experiments is -3^1^75. I thought 
this coincidence, with only an error of one-ninth of fo minute 
a quantity, fufhciently perfedl to warrant completely the ex- 
planation of the phenomenon, and even to render a repetition 
of the experiment unnecefiary ; for there are feveral circum- 
dances which make it difficult to calculate much more precifely 
what ought to be the refult of the meafurement. 

The halos When a number of fibres of the fame kind, for inflance, a 

candfc feen^**'^ uniform lock of wool, are held near to the eye, we fee an 
through wool, appearance of halos furrounding a diftant candle : but their 
brilliancy, and even their exiftence, depends on the uniformity 
of the dimeniions of the fibres ; and they arc larger as the 
fibres are fmaller. It is obvious that they are the immediate 
confequences of the coincidence of a number of fringes of 
the fame fize, which, as the fibres are arranged in all imagina- 
ble directions mud necedarily furround the luminous objeCt at 
equal didances on all ddcs, and conditute circular fringes. 
Coloured atmof- There can be little doubt that the coloured atmofpherical 
phcric halos* j^^los are of the fame kind : their appearance mud depend on 
the exidence of a number of particles of water, of equal' 
.diincnfions, and in a proper pofition, with refpedt to the 
luminary and to the eye. As there is no natural limit to the 
magnitude of the fpherules of water, we may expeCl thefe 
halos to vary w'ithout limit in their diameters ; and, accordingly, 
Mr. Jordan has obferved that their dimenfionsare exceedingly 
various, and has remarked that they frequently change during 
the time of obfervation. 


LTthrou'^htwo ^ noticed the colours of mixed plates, in looking at 
fhtts org^lafs'^^candle through two pieces of plate-glafs, with a little moidure 
with a little between them. I obferved an appearance of fringes refembling 
common colours of thin plates; and, upon looking for the 
yithair. fringes by reflection, I found that thefe new fringes were 
always in the fame direction as the other fringes, but many 
times larger. By examining the glafles with a magnifier, 1 
perceived that wherever thefe fringes were vifible, the moidure 
was intermixed with portions of air, producing an appear- 
ance fimilar to dew, I then fuppofed that the origin of the 
(L’olours was the fame as that of the colours of halos j but, on 
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a more minute examination, I found that the magnitude of 
the portions of air and water was by no means uniform, and Thefc were not 
that the explanation was therefore inadmiflible. It was, 
however, ca(y to find two portions of light fullicient for thcfledtion but by 
production of thefe fringes; for, the light tranfmitted 
the water, moving in it with a velocity different from that of light throu^ 
tlie light palling through the interftices filled only with air, the •‘"*1 
two portions would interfere with each other, and produco 
effects of colour according to the general law. The ratio of 
the velocities in water and in air, is that of 3 to 4 ; the fringes 
ought therefore to appear where the thicknefs is 6 times as 
grpat as that which correfponds to the fame colour in the 
common cafe of thin plates; and, upon making the experi- 
ment with a plane glals and a lens llightly convex, I found Proofs of this 
the fixthdark circle aCliially of the fame diameter as the 
in the new fringes. The colours are alfo very eafily pro- 
duced, when butter or tallow is fubftituted for water; and 
the rings then become fmaller, on account of the greater re- 
fraClive denfity of the oils ; but, when water is added, fo as 
to fill up the interftices of the oil, the rings are very much 
enlarged ; for here the dift'ercnce only of the velocities in 
water and in oil is to be confidered, and this is much fmaller 
than the difference between air and water. All thefe circum- 


ftances are fufficient to fatisfy us with refpeCt to the truth of 
the explanation ; and it is ftill more confirmed by the effect 
of inclining the plates to the direction of the light ; for then, 
inftead of dilating, hke the colours of thin plates, thefe rings 
contraCl : and this is the obvious confequence of an incrcafe 
of the length of the paths of the light, which now traverfes 
both mediums obliquely ; and the effeCt is every where the 
fame as that of a thicker plate. 

It muff however be obferved, that the colours are not The curved 


produced in the whole light that is tranfmitted through the 
mediums : a fmall portion only of each pencil, palling through much of the 


the water contiguous to the edges of the particle, is fufficiently 
coincident with the light tranfmitted by the neighbouring por- 


llght to deviate 
and modify the 
effe^s. 


tlons of air, to produce the neceffary interference ; and it is 


eafy to Ihow that, on account of the natural concavity of the 


furfacc of each portion of the fluid adhering to the two pieces 


of glafs, a confiderable portion of the light which is beginning 
to pafs through the water will be dilfipated laterally by reflec- 
tion 
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tion at its entrance, and that much of the light pafling through 
the air will be fcattered by refraction at the fecond furface. 
For thefe reafons, the fringes are feen when the plates are not 
directly interpofed between the eye and the luminous object ; 
and, on account of the abfence of foreign light, even more 
diftindly than when they arc in the fame right line with that 
object. And, if we remove the platen to a confiderable diftance 
out of thisj line, the rings are Itill vifible, and become larger 
than before; for here the actual route of the light pafling 
through the air, is longer than that of the light pafling more 
obliquely through the water, and the difference in the times 
of paflage is ieflened. It is however impofliblc to be quite 
confident with refpeft to the caufes of thefe minute varia- 
tions, without fome means of afeertaining accurately the 
forms of the diflipating furfaces. 

The arguments In applying thegeiieral law of interference to thefe colours, 
fiom the generalgg thofe of thill plalcs already known, I inuft confefs 

law fliew that the ... . . • i . 

that it IS impomble to avoid another luppolition, wdiich is a 


velocity of un- 
dulation is 
greateft in rare 
mediums. 

The central 


part of the undulatory theory, that is, that the velocity of light 

is the greater, the rarer the medium ; and that there is alfo a 

condition annexed to the explanation of the colours of thin 

plates, which involves another part of the fame tlieory, that is, 

foap\ubblc^i8 ^ where one of the portions of light has been reflefted at the 

produced by un- fur face of a rarer medium, it muft be fuppofed to be retarded 

cd from tbc^c^- appropriate interval, for inflance, in the cen- 

fines or a denfc tral black fpot of a foap-bubble, where the actual lengths of 

and a rare me- paths very nearly coincide, but the efledl is the fame as if 

dium in circum- c j j 

fiances to deftroy oftc of the portions had been fo retarded as to deftroy the other, 
each other : From confidering the nature of this circum flance, I ventured to 

predi6l, that if the two refledlions were of the fame kind, made 
at the furfaces of a thin plate, of a denfity intermediate between 
the denfities of the mediums containing it, the effedl would be 
reverfed, and the central fpot, inflead of black, would become 
w'liite ; and I have now the pleafure of flating, that I have fully 
a contrary effeft verified this predidlion, by interpoflng a drop of oil of faflafrafs 
js produced when between a prifin of flint-glals and a lens of crown glafs : the 
arc*from*^^rarer reflcded light was white, and furrounded 

medium. by a dark ring. It was however neceffary to ufe fome force, in 
order to produce a conlad fufticiently intimate; and the white 
fpot differed, even at I aft, in the fame degree from perfedl 
W'hitenefs, as the black fpot ufually does from perfeft black- 
nefi. 

The 
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The colours of mixed plates fuggeft to me an idea which Difpcrfion of 
appears to lead to an explanation of the difperfion of colours by f^aftion cxpuin- 
refraction, more fimple and fatisfaClory than that which I ad* cd from the af- 
vanced in tlie laft Bakerian leClure. We may fuppofe that 
every refraCtive medium tranfmits the undulations conftitiiling through the 
light in two feparate portions, one paffing through its ultimate particles an^ 
particles, and the other through its pores; and that thefe por- 
tions re^unite continually, after each fncceffive reparation, the 
one having preceded the other by a very minute but conliant 
vUerval, depending on the regular arrangement of the particles 
jof a homogenous medium. Now, if thefe two portions were 
always equal, each point of the undulations refulting from their 
re-union, would alv^'ays be found halfway between the places 
of thocorrefponding point in the feparate portions; but, fup- 
pofing the preceding portion to be the fmallcr, the newly 
combined undulation will be lefs advanced than if both had 
been equal, and the diflerence of its place will depend, not 
only on the diflerence of the length of the two routes, which 
will be conflaiit for all the undulations, but alfo on the law^ 
and magnitude of thofc undulations; fo that the larger un- 
dulations will be fomewhat further advanced after each re- 
union than the final ler ones, and, the fame operation re- 
curring at every particle of the medium, the whole prog refs 
of the larger undulations will be more rapid than that of the ^ 
finaller ; hence tlie deviation, in confequence of the retarda- 
tion of the motion of light in a denfer medium, will of courfe 
be greater for tlie (mailer than for the larger undulations. 

Affuming the law of the harmonic curve for the motions of 
the particles, we might without much difticulty reduce this 
conjedlure to a comparifon with experiment; but it would be 
iiecetTary, in order to warrant our conclufions, to be provided 
with very accurate mcafurcs of the refradive and difpcrfive 
powers of various (ubflances, for rays of all deferiplions. 

Dr. Wollallon's very interefling obfervations would furnifli comp^rifon of 
great afliliance in this inquiry, when compared with the fepa- WolIafton*i 
ration of colours by thin plates. I have repeated his experiments fcpara't^lon oT 
oh the fpedrum with perfed fuccefs, and have made fome colours by thm 
attempts to procure comparative mcafures from thin plates ; 
and 1 have found that, as Sir Ifaac Newton has already 
obierved, the blue and violet light is more difperfed by re- 
fradion, tlian in proportion (o the difference of the appropriate 

dinienfions 



m 


DR. young’s account OF SOME CASES. 

diinenfions deduced from the plienomenaof thin plates. Hence 
it happens, that when a line of the light proceeding to form an 
image of the rings of colours of thin plates, is intercepted bv a 
prifin, and an actual pi6lure is formed, refembling the fcale de- 
lineated by New^ton from theory, for eftimaling the colours of 
particles of given dimenfions, the oblique fpedlrums, formed by 
the different colours of each feries, are not ftraight, butcurved» 
the lateral refraction of the prifm feparating the violet end 
more widely than the red. The thicknefs correfponding to the 
extreme red, the line of yellow, bright green, bright blue, and 
extreme violet, I found to be inverfely as the numbers 27,. 30, 
35, 40, and 45, refpectively. In confcquence of Dr. Wollafton's 
correction of the defeription of the prifmatic fpeCtrum, com- 
pared with thefe obfervations, it becomes necellary to modify 
the fuppofition that I advanced in fhe lafl Bakerian leCture, 
refpeClmg the proportions of the fympathetic fibres of the 
retina ; fubftituting red, green, and violet, for red, yellow, 
and blue, and the numbers 7, 6, and 5, for 8, 7, and 6. 
Subdivifion of The fame prifmatic analyfis of the colours of thin plates, 
the r-ghtof a appears to furniOi a fatisfaClory explanation of the fubdivifioii 
candle explain, part of a Candle : for, in faCt, the light 

tranfmitted through every part of a thin plate, is divided in a 
fimilar manner into diflinCl portions, increafing in number wdth 
the thicknefs of the plate, until they become too minute to be 
vifible. At the thicknefs correfponding to the ninth or tenth 
portion of red light, the number of portions of different colours 
is five ; and their proportions, as exhibited by refraClion, are 
nearly the fame as in the light of a candle, the violet being the 
broadefl. We have only to fuppofe each particle of tallow to 
be, at its firfl evaporation, offuch dimenfions as to produce the 
fame effeCl as the thin plate of air at this point, where it is 
^bout of an inch in thicknefs, and to reflect, or perhaps 

rather to tranfmit, the mixed light produced by the incipient 
combufiion around it| and we (hall have a light completely rc- 
fembling that which Dr. Wollafion has obferved. There 
appears to be alfo a fine line of (Irong yellow light, feparate 
from the general fpeCtrum, principally derived from the moft 
fuperficial combufiion at the margin of the flame, and increaf- 
ing in quantity as the fiame afeends. Similar circumflances 
might undoubtedly be found in other cafes of the production 
or modification of light ; and experiments upon this fubjeCt 

might 
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might tend greatly to eftablifli the Newtonian opinion, that 
the colours of all natural bodies are fimilar in their origin to 
thofe of thin plates; an opinion which appears to do the 
highed honour to the fagacity of its author, and indeed to 
form a very confiderable ftep in our advances towards an ac^ 
quaintance with the intimate confUtution and arrangement of 
material fubAances. 

I have lately had an opportunity of confirming my fprmer Dlfperfive 
obfervations on the difperAve powers of the eye. I find that 
at the refpeftive diAances of 10 and 15 inches, the extreme ^ 
red and extreme violet rays are Arailarly refrafled, the dif- 
ference being expreffed by a focal length of 30 inches. Now 
the interval between red and yellow is about one-fourtli of 
the whole fpeflrum; confequently, a focal length of 120 
inches expreffes a power equivalent to the dlfperfion of the 
red and yellow, and this differs but little from 132, which 
was the refult of the obfervation already deferibed. I do not 
know that thefe experiments are more accurate than the 
former one ; but I have repeated them feveral times under 
different circumAanccs, and I have no doubt but the difper- 
fion of coloured light in the human eye is nearly fuch as I 
have Aated it. How it happens to be no greater, I cannot 
at prefent unclertake to explain. 


X. 

A Memoir on the Wax Tree of Loitifiana and Pennfylvarda. By 
Charles Louis Cadet, of the Colkge of Pharmacy at 
Pans 

A GREAT number of plants, fuch as the croton fehtferum, Wtx bcning 
the tomex febifera of Lourdro, the poplar, the, alder, 
pine, and feveral labiated plants, afford a concrete inflamma- 
ble matter by decoflion, more or lefs refembling tallow or 
wax, that is to fay, a fixed oil faturated with oxigen. The 
light matter, which is called the down of fruits, which filvers 
the furface of prunes and other Aone fruits, is wax, as Mr. 

^rouA has fhewn.^ ^ But the tree which prefents this fubAance 

^ Tianflated from the Ann. de Chlmici XLIV. 140, 
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greateft abundance, and in more refpcfts than one, U 

dud^ivc IS the ... 7, , . . . r 

myrica ceritera. to the attention of Cultivators* IS the fnyricfi cenJerUt 

or wax tree. 

Its early hiftory. We read in the Hiftory of the Academy of Sciences for llie 
years 1722 and 1723, that M. Alexandre, furgeon, corre- 
fpondent with M. Marian, had obferved at Louifiana a tree of 
the lize of a cherry tree, having the appearance of the myr- 
tle, and bearing a grain of the fize of coriander feed. ^Thefe 
grains, of a grey a(li colour, contain a fmall round hard ker- 
nel, which is covered with a (hining wax that may be ob- 
tained by boiling the grains in water. This wax is drier and 
mure friable than ours. The inhabitants make candles of it. 
M. Alexandre adds, This grain is ufually of a deep and 
beautiful lake colour, which by merely cruftiing with the fin- 
gers leaves them tinged, but this is only at a particular feafon.'^ 

The liquor in which the grain has been boiled, and from 
whence the w'ax is procured, having been poured out and 
evaporated to the confiftence of an extraft, M. Alexandre 
difeovered that it checks themoft obfiinate dyfenteries. 

The advantageous properties that this tree appears to pof- 
fefs, ought to have induced philofophers to make enquiries to. 
afcerlain the various properties of the vegetable, and what 
attention its culture might require ; it has been long eonfi- 
, dered merely as an obje6l of curiofity, 

LinngeuS/ in his vegetable fyflem, only mentions the wax 
free of Virginia, myrica cerifera, the leaves lanceolated as if 
dentaicd, and the ftem arborefeent. 

fc’pfcicf oftbc On enquiring of Cit. Ventenat, whether (here were feve- 

piyiicaceiifcra. ral fpecies, he informed me, that Ayton diftinguiQies two, 
viz. 

1 . 1 he viyrica cerifira angufiifolia, which grows in Loui- 
fiana. This tree is very delicate, it flowers with difficulty in 
our green houfes; and its grains are fmaller than thofe of the 
following. 

2. The myrica cerifera lattfolia, which grows in PenfyL 
vania, Carolina, and Virginia, does not rife fo high as 
former ; it is perfectly naturalized in France. Thefe two 
myrica are diaccous. 

They are both cultivated in the Mufeum des Plantes, and in 
(he gardens of Citizens Cels and Lemonier (at Paris.) 


Cit. 
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Cit. Michaalt admits of a third fpecies of myrica cerifera, 
which be calls the dwarf wax tree. Cit. Ventenat believes 
that wax may be procured from all the myrica. 

The authors who have mentioned thefe trees with fome dc- Authors who 
tail are Marfhab tranflated (into French) by Leferme, Lepage- 
Diiprat, and Tofcan, librarian at the Mufeum of Natural ^ 

Hi (lory. A memoir inferted by the laft in bis work inlitled 
V Ami de la Nature, (hews the manner in which the vegetable 
wax is collected in the colonies. 

Towards the end of autumn,” fays he, when the ber- Manner of oo1« 
r^es are ripe, a man leaves his houfe, togetlier with his family, 
to go to fome idand or bank on the fca (liore where the wax 
trees grows in abundance. He carries with him vetFels to 
boil the berries, and a hatchet to build a cottage where he 
may find (helter during his refidence in this place, 'which is 
iifually three or four weeks. While he cuts down the trees 
his children gather the berries. A very fertile (lirub will af- 
ford near feven pounds. When thefe are gathered the whole 
family employ themfelves in procuring the wax. They throw 
a certain quantity of berries huo the kettle, and then pour a 
fufficient quantity of water on them fo as to cover them to a 
depth of about half a foot. They boil the whole, ftirring the 
grains about and rubbing them againft the fides of the veffel, 
in order that the wax may more eaiily come off. In a fliort 
time it floats on the water like fat, and is colle^ed with a fpoon 
and drained through a coarfc cloth to feparate it from any im- 
purities which might be mixed with it. When no more wax 
can be obtained, they take the berries out with a fkimmer, 
and put others into the fame water; but it mud be entirely 
changed the fccond or third time, and in the mean time boil- 
ing water mud be added as it evaporates, in order to avoid 
retarding the operation. When a condderable quantity of 
wax has been obtained by this means, it is laid upon a cloth 
to drain off the water with which it is dill mixed. It is then 
dried and melted a fecond time, to render it more pure, and 
it is then formed into maffes. Four pouhds of berries afford 
about one of wax ; that which is drd obtained is generaily 
.yellow ; but in the latter boilings it affumes a green colour 
from the pellicle with whicli the kernel of the berry Is co- 
vered.” 
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It is there ufed 
for foap making. 

The author ob- 
tains Tome of the 

VfiX y 


and examines 
the grain. 


Experiments to 
feparate the 
waxy part me- 
chanically. 


Application of 
alcohol. 


ftiack powder 
from the furface 
of die berries. 


The traveller Kalm, fpeaking of the vegetable wax, fays^ 
that in the country whe^ the wax tree grows they make ex- 
cellent foap of it, which waflies linen perfeflly white. 

Such are the notions which have been formed refpeding 
the myrica ; at leaft no other obfervations had been publilhed 
to my knowledge, when a naturalifl favoured me with half a 
kilogramme (17f oz. avoird.) of the vegetable wax of Loui- 
fiana. I was defirous of making a comparative analyiis of it 
with bees wax ; but before I undertook this work, I withed 
to fee the tree and berry of the myrica. I faw this precious 
vegetable at the Jar din des Plantes, and I' wrote to Cit. 
Defhayes, a zealous botanift, who cultivates the myrica pen- 
fylvania at Rambouillet, to requeft him to give me fome in- 
formation concerning it. He had the politenefs to fend me 
an anfwer with fpme of the berries, which I immediately ex- 
amined. 

This grain is a kind of berry of the iize of a pepper corn t 
the oulfide when it is ripe and frelh, is white, and covered 
with fmali black afperities which give it the appearance of 
fliagrecn. When it is rubbed in the hands, it renders them 
greafy or unfluous. 

If one of thefe little berries be ftrongly prefTed, it parts 
with a matter refembling fiarch, and mixed with fmali brown 
round grains like fine gunpowder. The nut which remains 
bare has a very thick ligneous covering, and contains a dyco- 
tildonous kernel. By rubbing a handful of the berries on a 
fiGve of horfe hair, I obtained a grey powder, in which the 
eye difiinguiflies without the aflifiance of a magnifying glafs, 
the fmali brown grains I mentioned, mixed with a white 
powder. 

I put this powder into alcohol, which with the affiftance of 
a flight heat, diifolved all the white part, and left the black 
powder which I feparated. Water poured on this folution in 
alcohol formed a precipitate that floated on the furface of the 
liquid. I melted this and obtained a yellow wax refembling 
that fent me from ' Louifiana. This experiment compleatly 
proves that the wax of the myrica is the white grumous mat- 
ter that furrounds the berries. 

The black powder which was .feparated appeared to me 
to contain the colouring principle^ and I hoped alfo to find in 

it 
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it the beautiful lake mentioned by M. Alexandre. With this 
notion I cruflied the powder flro»gIy> and boiled it in a folu- 
tion of acid fulphateof alumine ; but was very much furprifed 
to obtain nothing but a liquor fcarcely coloured^ and by which 
the aluroine, when precipitated by an alcali« was but flightly 
tinged. 

I took another portion of this dne black powder, and in-' 
fufed it in alcohol, I foon obtained a tinflure of the colour of 
wine lees, which on being heated, became as red as a ftrong 
tindlure of quinquina, or terra japonica. ‘ The refult led me 
to think that the colouring principle was refinous ; but on 
'adding water to it, I did not perceive that any precipitate 
was formed. 

I then poured into this tindure water charged with fulphate 
of alumina, and obtained flight precipitate. A folution of 
fulphate of iron immediately formed ink. 

What may this aftringent colouring principle be w'hich is The powder af- 
only fbluble in alcohol, which is not precipitated by water, gc^/fo*ution*^by" 
and has fo little attra6lion for alumine? To difeover it, it is alcohol, 
ncceflary to make a courfe of experiments which the fmall 
quantity of the fubftance I was in pofleflion of would not per- * 
mit me to undertake. The aftringent matter mentioned by 
M. Alexandre mull be found in the decoftion of the entire 
grain. To afeertain this fa£l I boiled fome in a filver fauce- 
pan, the decodlion upon which floated a little of the wax, 
was of a greenifh colour, its taile flightly ftyptic, and it pre- 
cipitated black ferruginous folutions. I heated it in an iron It conulned gal- 
veU'el for that purpofe, and it immediately became black. 
difeover whether this property arofe from the gallic acid alone, 
or from tanin, I mixed a little of the concentrated decoftion 
with a folution of gelatine, but it afforded no precipitate. 

It is therefore to the confiderable quantity of gallic acid 
which the berries of the myrica contain, that we mufl attri- 
bute its effefl in dyfenteries, I therefore fuppofe that the 
bark and leaves of the tree mull contain an extra6l much 
more aftringent than the berries. 

‘The examination of the wax afforded extremely intereflingEx^^mmation of 
refults. 

In whatever manner the wax may be obtained ; by the de- 
co^ion of the grains, or the folution of the powder when pre- 
cipitated from alcohol by water, this wax when melted is aU 
2 wiiys 
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It It greemfli ways of a greeniili yellow. It is o\ a firmer confiftcnce than 
and^morc^brTi^ ** fufficienlly friable to be pulverized, 

than bees wax. In a word^ it is evidently more oxigenate(|^ than the wax 
candler^and” by bees. Candles made of the wax of the myrica 

emits a fragrant aflTord a white flame, a good light, without fmoke, and do 
fmeil. not gutter; they emit when quite frcfli a balfamic odour, 

which the inhabitants of Loaiiiana confider as extremely 
^ diftillatlon it whoiefome for perfons in ill health. When diflilled in a re« 
betfwax? tort this wax paffes over for the moft part in the form of but- 
ter. This portion is much whiter, and has no more conGft- 
ence than tallow. Another portion that was decompofed af- 
forded a little water, with fomcempyreu malic oil, and febacic 
acid. Much carbonated hidrogen gas, and carbonic acid gas 
were difengaged ; there remained in the retort a black and 
coaly bitumen. Wax ufually is afledled iu the fame manner 
by diflillation. 

1 have already mentioned, that alcohol diflblves the wax of 
the myrica, but ether diflblves it better, and it feparates in 
the form of ftalagmites by the evaporation of the liquid ; nei- 
ther of them difcolour it. If this wax be boiled with weak 
fulphuric acid it becomes paler, but there is no evid(^it com* 
bination of the acid with it. The yellow bees wax under the 
fame circumllances did not change colour. 

Oxigenated muriatic acid renders both kinds of wax perfectly 
white. The vegetable wax is the moft diflicuit to be bleached. 

Vegetable wax diifolves in ammonia: the folution is of a 
brown colour ; a portion of the wax is faponifled. Volatile 
alkali has much lefs adion on bees wax. "^0^ 

Both kinds of wax when ftrongly agitated in a boiling 
folution pf cauftic potaih, become white and form a real foap 
as Kalm obferved. 

The whitenefs acquired by the wax during this faponiflea* 
tion is* not a new phenomenon. ChapUl in his pnocefs for 
bleaching by'the vapor of alkaline leys, proves that the colour- 
ing principle' of vegetables yields to the adion of alkalis. 
Some chemifts have attributed this effed to the dired com- 
bination of the foda or potath with the coloured ext rad, a 
combination which makes it almoft of a foapy quality, and 
renders it foluble. 

vationon t^e^ox*. ^ apprehend that in this operation, the alkali exercifes a 
igenatlon of the double attradiofi on the oil or wax, flrft diredly with the con- 
, ftiluenfe 
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iHilu^At principles of the oil tlnd then predirpoling; and favour- 
ing ^ combination of the atfnofpheric oxigen with the oil or 
wax. I do notAioV. whether my notion i$ original ; but I 
deduced it from the obfervatton of what pafles during the 
decompofition of a foap by an acid : the oil U always concrete 
and become^ oxigenated. It would be interefting for chemical 
theory to roake> if it were poffible^ a foap in a clofed apparatus 
the air of which might be examined after the experiment^ or 
in different gafes not containing oxigen: 

When the foap of myrica is decompofed a very white wax The veg. wax 
. is obtained, but in a peculiar ftate rendering it unfit for ** 

ufes, * ftate. 

Litharge or the femi-vitreous oxide of lead difiblves very Piaifters with 
well in melted wax ofLouifiana ; it forms a very hard plaifter, '''^*** 
but its confiftence may be diminifhed at pleafure by the addition 
of a little oil. If as there is reafon to fuppofe, the wax of 
myrica retains a portion of the aftrjngent principle afforded 
by the deco^ion of the berries, phyficians may perhaps dif- 
cover fome ufeful topical remedies in the compounds of this 
wax. 

From what has been faid, we fee that the myrica may be Great of 
of the greateft ufe to the arts. The wax which it affords 
fufficienily abundant to recompenfe the care and expenfe of 
cultivating it. For a bufh in a full bearing yields from fix to • 
feven pounds of keniels, one fourth of which may be obtained 
in wax. It is fuperior in quality to bees-wax. 

The aftringent principle of the myrica, extracted in the *ts aftdn- 
large yay may be very ufeful in medicine and in the arts; 
may to a certain extent be fubilituted inftead of nut galls in 
dyeing, hat^ making, and probably in certain procefTes of 
tanning. The colouring principle appears fufficiently folid to 
deferve fome attention ; and if it be true that feme fine lakes 
have been obtained from it in Louifiana, why ma^ wenotex^ 
pe£l advantages from it in painting. 

Lafily whenltiis wax (hall have become plentiful and cheap 
in the market it promifes great advantage in the fabrication of 
foap. 

The art of bleaching this Wax will alfo require a Courfe ofTo Uesch Wgi 
experimental refearch ; if it be propofed to operate econo-^* 
mically and in the large way. l^wo re-agents prefent them- 
felves tomanuiaflurers ; the iulphuric acid, and the oxigenateef 
Vbi« IV.— March. O muriatia 
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muriatic acid. But as die wax does not fink in thefe Itquidfi 
we muft multiply the contafls either by ilicing and fprinkling 
it with the oxigenated muriatic acid, or by ihdoiing^it in this 
divided date in cafks into which the oxigenated murfaitiG gas 
fiiould be pafiTed. 

I fiiall propofea third which promifes a fpeedier effed* Tho 
wax in a very divided ftate is to be ftratified in a calk, with 
fuper*>oxigenated muriate of lime ; in this manner they are to 
be difpofed in drata, and left for fome time ih contact without 
moifture. The fait is afterwards to be decompofed with water 
acidulated by the fulphuric; acid ; taking care to pour the watet 
a little at a time at different intervals, until there (hall be no 
longer any perceptible difengagement of muriatic gasj at 
which period a large quantity of water is to be added and 
the mixture agitated with a ftaff The infoluble fulphate of 
lime falls down by repofe, while the bleached wax rifes and 
fwims at the furface* This is to be wafhed and melted on the 
water bath. 

I (hall conclude this memoir by offering fome notions refpeft-k 
ing the culture of the myrica penjylvanica. 

Cit. Delhayes to whom I am indebted for the trials I have 
made has obferved the wax tree for feveral years at Ram- 
bouillet. The following is what he writes to me on the fubje^. 

The myrica (latifoUa) Ay ton is here abfolutely in its 
’ native country ; it is in the foil belt fuited to it, namely in a 
fandy and blackifh turf:, we have fixteen very fiourilhing wax 
trees. Their height is from four to five and fix feet, and one 
of them a male is feven feet high. The berries are abundant 
almoft every year, I fay almoft becaufe there are fome years 
in which' they have failed. In general this fruit thrives very 
well in the part of the Eiiglifh garden affigned to it. 

The culture requires no care. Every year numerous 
fhoots are t^ken off which rife at the feet of the targe wax 
trees. Thefe are planted in other parts of the garden at thO 
difiance of one metre or yard afunder.^’ 

The grain may be fowed in the ground in fpring, and after- 
wards tranfplanted, but the procefs would be too long. The 
myrica fucceeds wherever the foil is light and rather moift* 
How many provinces are there in which this cuhivatkm might 
become ufefal and give employnt^ ta hinds at prefent nearly 
abandoned, 
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How great are the advantages our agrtoidture laigbl expefi It eirea growt 
from this acqaifition, fince the myri<» has loAg ago bean Pruffii. 

to floartfii in the dry Tends of Pruffia. Cit. ThieboUk of the 
academy of Berlin^ has communicated this interefling iUt to 
me in the following note, a 

The late Mr. Sulzer author of the genera) didlionary of the Ksrratlve of • 
fine arts, obtained from Frederic die Great a portion of wafte 
ground of confiderable extent on the banks of the Spree, half Sulacr. 
a league from Berlin, in a place called the Moabites. How« 
ever ungrateful this foil might appear as it prefented only a 
very fcanty and tnin turf, upon a fine and light (and, Mr. Sulzer 
converted it into a garden very agreeable and worthy of a 
pfailofopher./" Among other remarkable things, he made a 
plantation of foreign trees compofed of five long rows, m tlio 
direftion from Eaft to Weft. There were not two trees in 
fucceflion of the fame fpecies ; he had placed in the rows 
moft expofed to the North, none but fuch as were loftieft and 
moft capable of refifting the rigours of the dimate. So that 
by proceeding from North to South, the firft row prefented 
only trees of about feventy feet in height, the feoond frees 
between twenty-five and thirty feet high, and fo in fucceffioA 
in an amphitheatre, where all the trees enjoyed the fan, at 
lead in a part, and the weakeft were fheltcred by thofe whk* 
were more hardy. • 

It was in the fouthernmoft row, diat I obfcrved a kind of 
bu(h only two or three feet high. Which ^r. Sulzer called the 
Wax tree. All the vifitors took particular notice of this free 
in preference to all others, on account of the delicious odour 
of its leaves, which they preferyed a very long time. 

Citizen Thieboult afterwards Vpeaks of the extradion of the 
wax. This operation does not differ from that related by Mr. 

Alexander. 

I have feen, adds he afterwards, a Angle candle of this wax Remarkable 
perfume the three chambers which compofed the particular 
apartment of Mr. Sulzer, not only during the time it was veg, wai« 
lighted, but alfo for the reft of the evening. 

Without doubt the myrica cultivated at Berlin, was more 
odoriferous than that which grows with us, for ours does not 
emit the fame perfume. Mr. Sulzer had the projeA of making 
candles of this wax, not bleached, but covered with our wax 
for ^the fa)te of beauty. The heirs of the academician have 

O 2 fold 
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fold the garden^ but the wax tree ftill remained. It waf 
planted in 1770. Since the poflibility of naturalizing ,the 
fuyrica cerifera has been alcertained in the north, why ftiould 
we negle^ a vegetable of fuch value and importance which 
could not fail to profper in our fouthern departments, and de- 
mands much lefs care than our bee-hives. The fuccefsful ex- 
periments already made ought to excite the zeal of our culti- 
vators. 

Economical The government has already encouraged this branch of in- 

Remarks. duftry, by ordering plantations to be made. There exifts at 
Orleans and at Ramboaillet> two orchards of the wax tree 
which contain more than four hundred Hirubs. We cannot 
give too much publicity to fuch fatisfadory refults. Nothing 
is propagated with fo much Hownefs as ufeful plants. A 
barren but pidturefque tree, or an agreeable flower; are foon 
adopted by the fafliion. They ornament the gardens of our 
modern Lucullufes, and the toilets of our Phrynes, while our 
indefatigable agriculturifls make vain efforts to enrich our 
gardens with a new gramineous plant, or to fill our barns with 
nourilhing cereal plants. The people has long rejeded from 
prejudice both maize and the potatoe which have been fo 
highly ferviceable to the poor and to our foldiery. We no 
longer find in our forefls the food bearing oak, upon which our 
anceflors fubfiflcd. Let us hope that our cultivators will at 
laft open their eyes upon their true interefls, and that lefs. 
enflaved by old praftices they will not defpife the prefents. 
which learned focieties are defirous of making for their profit^ 
and the reputation and profperity of their country. 


Outline 
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Outline qf the Craniognotnic Sjfiem of Dr, GaU *, Phyfician at 
Vitnm* Bjf Dr, Boj ames f* 

The defire of finding in the external (Irufiure of man. Various fyAeiat 
certain indications of his internal faculties, his paffions, 
moral difpofition, &c. has in the mod remote as well as in 
modern times, engaged philofophers to eftablifli fyftems of 
phyliognomy, which have been more or lefs fatisfa^tory. 

The mod generally known are thofe of Porta, Lavater, the of Porta, of La- 
theory of the facial angle, and ladly the fydem of Gall. 

With regard to the fird, who has bufied himfelf in com- s^yftcm"of*Porti, 
paring the outlines of the figure of man, with that of brutes, hafty and inac- 
obfervers have decided on its value, and confider his prin-®®"®' 
ciples as the produft of a wild imagination ; they have found 
them too hady, very little edablidied on reafonable obferva- 
tions, and abfolutely uncertain in application. 

Lavater’s fydem has had more fuccefs ; but though we re- Lavater's fyAem 
vere the genius of thisS man w’hp was really a great obferver, on fen- 
we cannot be ignorant of the loofe foundation on which all his fc^^ce. 
opinions are built, and th,e mind is unfatisfied with truths which 
can only be appreciated by an imagination as exalted, and 
feelings as delicate as thofe of the author. 

The theory of the facial angle which comprehends a more Theory of the 

ample field than the fydem of Lavater, leaves us in uncertainty angle truc|^ 

as to the detail of faculties, and gives us only general points 

of view. But it prefents this mod important truth, that the 

facial angle increafes in magnitude in equal proportion with 

the faculties of animals, and in this point it evidently agrees 

with the general refults of Gall’s fydem. 

Without entering into a fcrupulous detail of the laborious SyAem of Gall 
courfe which this learned philofopher has followed, in order p*j^p][|^****^ 

* This hidorical expoUtion which does not in the lead tend to 
prove the truths of Gall's fydem, (kould not influence any one's 
judgment concerning it, as it will bt confirmed by its author with 
folid reafoning and convincing proofs. 

It is likewife neceffary to remark, that die fentences marked with 
inverted commas do not reft on the authority of Gall. 

t Inferted by him in the Encyclopedic Alethodique» of the learned 
MiUin. 

ta 
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to cflablifti certain bafes for a fcience hitherto fo hypothetical^ 
I fliall content myfelf with a ihort examination of its funda<r 
mental principles, which are, 

111. Th Brain is ike tnaterial Organ qf As Internal Faculties. 

Ac Without endeavouring to decide upon the mctaphyfical 
^ quefiions refpeAing the nature of the foul, or of that which 
may be fuppofed the occult caufe of the internal faculties,, we 
are neverthelefs compelled to admit a material organ for their 
a6tion. 

Proofs# Now when we remark that thefe faculties are found only 

where the brain exifis, that they are loll with it ; that the dil^ 
orders and injuries fullained by this organ, very fenfibly in- 
fluence their degree and their a6lion ; that the volume of the 
brain increafes in dired proportion with the faculties of ani- 
mals, &c. when we obferve all this I fay, there is nothing of 
conje£lure in fuppofing the brain to be their material and in- 
termediate organ. 

Note, It might here be obje£led that in many cafes indivi- 
duals have loll a confiderable portion of the fubllance of the 
brain, without their faculties having been fenfibly diminilhed ; 
but it mud be obferved, that in general the organs of the brain 
are double, and that the cafes are far from being accurately 
dated or edablilhed. 

The brain con- 2d. The Brain contains different Organs independent^ each 

fifts of indepen- another, for the different Faculties. 

dent orfans. 

The internal faculties do not always exid in equal propor- 
tions with refpe£l to each other; there are men who have 
much intelligence without much memory, courage without 
circumfpeflion, and metaphyfical genius without being pro^ 
found obfervers. 

Proolf. The ^gain the«phenomena of dreams, of fomnambulifm, of mad- 
erted^indren ** prove that the internal faculties do not always aft 

dentiyofMch together, that fome are often extremely adive, while others 
other, &c. at the fame time totally infenfible. 

* This notion of independeace does not deftmy the principle of 

animal 4>rgani7aiioo, that all the parts have a mutual reletions it 
only indicates that tbe ii£Hsa of wssagm does not abfblutely caiift 
tihe fame degoce iq another* B* 


Thill 
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Thus In old age, and foujiatimes in difeafes^ madnefs for et^ 
ample, many fapuides are loil ivhilft others fubfifi ; and coii» 
ftant employment of the fame faculty fenfibly dtminiflies its 
energy ; if we pafs to another we find it has all the force of 
which U is rufi:eptible, and when we again employ the firft fa« 
culty, we find jt has recovered its original vigour. Thus it is 
that when fatigued with an ab(lra£t and philofophical reading, 
we turn with pleafure to poetry, and ^en afterwards apply 
again with equal attention to our former employ. 

Thefe phenomena prove that the faculties are feparated and 
independent of one another, and we are induced to believe 
that the fame is the cafe with their material organs. 

** We do not entirely adopt this notion of Gall, butTheological 
on the contrary, we believe that the reparation of the material®®^®* 
organs mufi be confidered as the caufe of the di(lin£lion of the 
internal faculties ; at lead it feems to us, that by fuppofing 
tl^em originally feparated, we cannot avoid the fnare of the 
material ifm which exifia as foon as we ceafe to confider the 
fpirit (refprit) as unity,’^ 

3cl. The Developement of ike Organs contained in the Cranium, Thtorpnnot 

is in direSt Proportion with the Force of their 

Faculties* the ftronger the 

ThisS principle diflated by analogy, depends on the axiom 
that through all nature the faculties are found to be ever in 
proportion to their relative organs, and its truth is eminently 
proved by the particular obfervations of Gall. 

It muft however be obferved, that exercife has a confider^ and the more 
able influence on the force of the faculties, and that an organ 
but moderately developed, but which is often exercifed, may 
afford a fuperior faculty to that which accompanies an organ 
of great magnitude, but is never put in a6iion. Thus we fee 
men whofe ftru^ure is but moderately ftrong, acquire by con<- 
tinual exercife powers fuperior to others whofe ilru^re is 
almoft athletic. 

Nate* 1 muft here anticipate an opinion whidi feems 
refult immediately from this principle, but which is neverthe^ energy of facui* 
le(s faUe, that the vobime of the brain is in dired proportion dei unlefa the 
to the energy of its Acuities. Obfervation has d^<>nftrated^ely'defetoye^^ 
to Gall, that the power of the Realties can only be appre- 
ciated by the developement of the organs feparately, which 

form 
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form diflin6l eminences on the^ranium> End that a craniusii 
perfectly round, whatever may be its magnitude, never exhibits 
faculties either great or numerous. 

(Conjedure as to I do not recolIe£t that I ever heard 6al! give his reafons for 
the rcafon. conclufion : ** but I think we may coniider thefe heads in 

a (tale (imilar to that of obcfity, and as we do not judge of the 
mufcular firength of a man or animal by the volume of its 
members, but by their particular developement, fo I think we 
muft judge of the force of the faculties by the developement 
of their refpeftive organs/^ 

The external Laftly. the fourth principle which is the moft important in 
^gure of practice of the of Gall, is: Tfiat xve nuiy judge qf 

thc"or^Vand dijfftrent organs and their faculties hy the exterior form ^ tho 
ihtv/s the power cranium. 

bLaufc^X^ form principle is founded on another ; namely, 

of the cranium that the formation of the cranium depends on that of the brain, 
^ generally known and proved by the anteriority of the 
brain, and by the impreifions or indentations within the cra- 
nium. 


|l«nark. ^ote. It is true that there are aaniums in which there is 

an internal protuberance of the bone correfponding with the 
external projeflion ; and this irregularity, which is fometimes 
found to be a diforder, moil commonly in an advanced age, 
• when the organs of the brain do not fo powerfully refift the 
5 ;ranium, throws a degree of uncertainty in the pradice of the 
fyftem of Gall ; but this is the fate of all our truths which are 
didated by experience : thefe cafes, however, are not very 
frequent. 


pn thefe princi- 
ples Gall has 
f ompared the 
prgans of men 
and animals. 


Guided by thefe principles Gall has examined nature ; he 
has compared the craniums of men and animals, and thofe of 
men of fimilar and of different faculties. His refearches have 
almoft inconteftibly proved, not only the truths above fiated. 


^t that the faculties of animals are fimilar to thofe of man ; 


that what we call inflind in animals is alfo found in roan ; for 


example, love, cunning, circumfpedion, courage, Sec. that 
the quantity of organs is the flandard which fixes the generic dif. 


ference of animals ; their mutual proportion, that of the indi- 
viduals ; t^iat the dirpofition to any faculty which is originally 
given by nature, may be developed by exerclfe and favourabfe 
pirciimllances, and fometimes by diforders ; but that it can 
% never 
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aevef be created if not given by nature * ; that the accumttla- 
tion of organs is conftantly made from back to front, and from 
below upwards^ fo that animals in proportion as they refemble 
man in the quantity of their faculties, have the fuperior and 
anterior part of the cranium more developed ; and laftly in 
men, the moft perfect of animals, there are organs in the fu- 
perior and anterior parts of the frontal and parietal bones af- 
iigned to faculties which exclufively belong to him. In this 
tail point of view it is that the difeoveries of Gall peffe£lly 
coincide with the theory of the facial angle, which appears to 
^confirm their truth*^’ 

It is difficult to give an accurate and ratisfa6lory account of Detail of the 
the detail of this lyftem, and of the various organs which Dr. 

Gall has difeovered, without Hating the variety of faffs and 
examples which he exhibits as evidence to prove what he ad- 
vances; 1 will however undertake this enumeration, being 
perfuaded that it will in many refpefls (hew the author^s man* 
ner of reafoning, and give a clear notion of the manner of 
proceeding required to obtain his refults f , 

1 . 7Ze Organ of Tenacity qf Life. 

The firft organ which the author thinks he has difeovered Organs. 

IS that of the tenacity of life, tenjociioA vita; he fuppofes the 
tneduUa oblongata to be its feat ; and as the circumference of • 
jthe great aperture of the occiput is in direfb proportion to the 
extent of the medulla oblongata, he judges of the intenfity of 
ihe life of an animal by the magnitude of this perforation. 

The obfervations which fupport this opinion are, that the 
perforation is generally larger * in the cranium of women than 
men ; that it is conHantly of greater extent in the cat, the 
otter, the beaver, the badger, &c. animals which are known 
to be extremel) tenacious of life. And the moH fpeedy me- 
^od of killing an animal is to 4i vide the fpinal /narrow. 

2. Organ of Infin^tforfilf^prefervation. 

Forwarder than the medulla oblongata at the place where it Self.prefer* 
quits the brain, the author fuppofes the organ qf love qfltfe, or ^***®"* 
p^nStfor fcjfprefcrvatioa to exift. 

* It is neceflary that the germ of any organ ihould fubfift in the 
pmbryo, in order to its fubfequent devclopement as an organ* 

^ Compare tb® correfpofiding numb^ with thofe oF Fhte X* 

Ag 
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As animals do not afford axamples of fuiclde, hecooldonly 
obtain proofs of this fuppofition in the human race, and feve- 
ral cafes of voluntary iuicide in which this part of the brain 
was difordered, have induced him to confider it as the organ 
of this faculty ; he does not however admit it as indifputably 
eftablithed, but wails for further examples to confirm the faA* 

3. Organ qfth choice qf Food, 

Choice of The author fuppofes the organs for the choice of food to be 
food. placed in the quadrijumal tubercles, the anterior of which 

are greater in carnivorous animals, the poflerior developed * 
in the herbivoran, but are of equal fize in the omnivorous 
animals. 

4. Cerebral Organt of the external Senjhs, 

4 . External The middle part of the bafe of the brain is appropriated to 
fenfes. external fenfes. It is the region from which thofe nerves 

iffiie which are diftributed into the organs of thofe fenfes. 

(To be confirmed,) 


SCIENTIFIC NEWS, ACCOUNT OF BOOKS, iifc. 

Account of the Ventriloquifin exhibited by M, Fitz-James. 

Account of The reader will doubtlefs recoliedl fome curious fadis and 
vcntriloquifm. ob&rvmtions on ventriloquifra by Mr, Gough in our fecond 
volume, page 125. That acute philofopher, reafbning from 
a few fa^ and ftating the want of more, appears inclined to 
adopt the theory that the art of ventriloquifm confifts in caufing 
the voice to iffue from the mouth only, and uttering it in fuch 
a dirediion, that the hearer may receive the impreffion of 
ibme echo with confiderably more force than he receives the 
original He gives inAances of this procefs, particu- 

larly where the found of a ring of bells appears to change its 
diredtfbn accordingly, as the hearer by moving along, re* 
ceives it from different receding furfaces, while the original 
found ts interrupted by fome ohftacle. Whether (he echos in 
a room be at all likely to be fo managed would admit of eon- 
;EiderabIo doubt ; and without having wUueffed any exlubkion 
of this kind in the leaff to be eompared with the furprigiag 
narratives we oecafioeally heir> 1 have always been ^ongly 

, difpofed 



tCIICMTiriC NSWS. m 

idirpofed to think 4hat the clelufions with regard to the Hip- Ac^emtoff^n. 
pofed direQion of the voice in fuch cafes are not phy fical bat triloquiioB* 
moral ; that is to fay^ they have arifen from fomething in the 
nature of the fubjed, or the pofition and adion of the fpeaker, 
with the charader^ tone> and manner of fpeaking. On the 
prefent occaiion I have the fatisfafiion to give fome account of 
the performance of M. Fitz. James^ one of the firfi mailers of 
this art ; who in addition to his very firiking powers as a 
fpeaker and odor has the candour and liberdity to explain the 
nature of his performance to his auditors. I was prefent a 
^ few evenings ago at a public exhibition^ which continues to 
be repeated at Dulau^s in Soho-fquare ; and though my ac- 
count of what 1 faw and heard cannot but be very imperfect, 
and far from exciting the furprize which the adlual perform- 
ance produces^ k may neverthelefs be of utility to ellablilh a 
few principles^ and remove fome errors refpe6ling this art. 

After a comic piece had been read by Monf. Volange, M. 

Fitz-james« who was fitting among the audience^ went for- 
ward and exprefled his fufpicion^ that the ventriloquifm was 
to be performed by the voices of perfons concealed under a 
platform which was covered with green cloth. Replies were 
given to his obfervations apparently from beneath (hat fiage ; 
and he followed the voices wkh the a^ion and manner of a 
perfon whofe curiofity was much excited, making remarks in • 
his own voice, and anfwering rapidly and immediately in a 
voioe which no one would have alcribed to him. He then 
addrefled a bull which appeared to anfwer his quellions in 
charader, and after cpnverfing with another bull in the fame 
manner, he turned round, and in a neat and perfpicuous 
fpeech explained the nature of Uie fulyeQ of our attention : 
and from what he fiated and exhibiled beft»re us, it appeared 
that by long pra£Uce he had acquired the faculty of fpeaking 
during the infpiration of the breath with nearly the fame artU 
culalion, though not fb loud nor fo variouily modulated as the 
ordinary voice formed by expiration of the air. The unufual 
yoke being formed in the cavity of the lungs is very difterent 
in e0e£l from the other. Perhaps k may iffite in a great mea.^ 
fore through the trunk of the individual. We flx>uld fcarcely 
be difpofed to afcrihe any definite dire^n to it ; and oonfe* 
quently are readily M tofuppofe it to come fiom the place 
befia^ptedlo whatwasfaid. So that when be went to the 

door 
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door and * aikcd Are you there/^ to a pcrfon fuppofec^ to 
be in the paffage/ the anfwer in the unafual voice Wa^ ?rhmei 
diately afcribed by the audience to a perfon a^nally ift the 
patTage ; and upon (hutting the door and withdrawing from it, 
when he turned round, directing his voice to the door and 
faid, '' Stay there till I call you,” the anfwer vvhich was 
lower, and well adapted to the fuppofed diftance and obfia* 
cle interpofed, appeared (till more (trikingly to be out of the 
room. He then looked up to the cieling and called out in bis 
own voice, What are you doing above } do you intend to 
come down ?” to which an immediate anfwer was given, 
which feemed to be in the room above, " I am coming down 
dirc6tly.” The fame deception was pra6ti(ed on the fuppofi- 
tion of a perfon being under the floor, who anfwered in the 
unufual but a very different voice from the other, that he was 
down in the cellar putting away fome wine. An excellent 
deception of the watchman crying the hour in the ftreet, and 
approaching nearer the houfe (ill he came oppoflle the win- 
dow was pra^ifed. Our attention was direded to the flreet 
by the marked attention which Fitz- James himfelf appeared 
to pay to the found. He threw up the fa(h and afked the 
hour, which was immediately anfwered in the fame tone, but 
clearer and louder ; but upon his (hutting the window down 
again the watchman proceeded lefs audibly, and all at once 
the voice became very faint, and Fitz- James in his natural 
voice faid, he has turned the corner.” In all thefe in- 
ihinces, as well as others, which were exhibited to the very 
great entertainment and furprize of the fpedlators, the acute 
obferver will perceive that the dire6tion of the found was ima- 
ginary, and arofe entirely from the well (ludied and Ikilful 
combinations of the performer. Other fcenes which were to 
follow required the imagination to be too completely mifled to 
admit of the a6tor being feen. He went l^hind a folding 
fcreen in one corner of the room, when he counterfeited the 
knocking at a door. One perfon called from within, and was 
anfwered by a different perfon from without, who was ad- 
mitted, and we found from the converfation of the parties, 
that the latter was in pain, and defirous of having a tooth 
extradted. The dialogue, and all the particulars of the ope- 
ration that followed, would require a long difcourfe if I were 
^0 attempt to defcribe them to the reader* The imitation of 

the 


* The whoje performance was in French. 
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the natural and modulated voice of the operator encouraging, Atcountof 
foothing, and talking with his patient} the confufion, terror, 
and apprehenfion of thefufTerer; the inarticulate noifes pro* 
duced by the chairs and apparatus, upon the whole, conftituted 
a mafs of found which pr^uced a iirange but comic effedt. 

Loofe obfervers would not have hefitated to alTert, that they 
heard more than one voice at a time ; and though this cer* 
tainly could not the cafe, and it did not appear fo to me, 
yet the tranfitions were fo infiantaneous without the leafi paufe 
between them, that the notion might very eafily be gene- 
rated. The removal of the fereen fatished the fpeftators that- 
^one performer had effedled the whole. 

. The adtor then proceeded to (hew us fpecimens of bis art 
as a mimic ; and here the power he had acquired over the 
niulcles of his face was fully as (Irange as the modulations of 
his voice. In feveral inftances he caufed the oppofite mufcles 
to adl differently from each other ; fo that while one tide of 
his face expreffed mirth and laughter, the other (ide appeared 
to be weeping. About eight or ten faces were (hewn to us 
in fucceffion as he came from behind the fereen, which toge- 
ther with the general habits and gait of the individual totally 
altered him. In one infiance he was tall, thin, and melan- 
cholic ; and the inftant afterwards, with no greater interval 
of time than to pafs round behind the fereen, he appeared 
bloated with obefity, and fiaggering with fulnefs. The fame 
man at one time exhibited his face (imple, unaffe^ed, and 
void of character, and the next moment it was covered with 
wrinkles expreffing ilynefs, mirth, and whim of different de- 
feriptions. How far this difcipline may be eafy or difficult, 

I know not, but he certainly appeared to me to be (ar fuperior 
to the moft pradifed matters of the countenance 1 have ever 
feen. . 

During this exhibition he imitated the found of an organ ; 
the ringing of a bell, the noifes produced by the great hy- 
draulic machine of Marli, and the opening and fimtting of a 
fnuffbox. 

• His principal performance, however, conflfted in the de- 
bates at the meeting of Nauterre, in which there were 
twenty different fpeakers, as is afferted in his advertifement ; 
and certainly the number of different voices was very great. 

Much entertainment was afforded by the fubjefi, which was 

taken 
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taken from the late times of anarebyandcMfUlfion^ftTmiK^tT 
when the lowed, the moft ignotant part of focietjf, Mh 
upon to decide the fate of a wkMrte^ Bf w^gles ^ 

folly and brute violence. The fkine remark may be applied 
to this debate, ai to the other feene refpe6ting tooth<>drawfng ^ 
nandy;; that the quick and fudden tranfitions, and the great 
differences in the voices gave the audience various notions^ 
as well with regard to the number dl fpeak^s, as to their pO^ 
fitioni and the direftion of their voices. 

This account of a very celebrated ventriloquift may perhaps 
feem too minute and particular for a philofophicai Journal, 
which is lefs devoted to do judice to the talents of men, than 
to inveftigate the caufes of things. But where a firiking de- 
lufion may lead to miftaken theories of found, I conceive it to 
be no fmall part of the argument, which is to fet the truth in 
a clear light, to (hew how numerous and extraordinary the 
acquiiitions and the ability of the performer may be. There 
is likewife a point of delicacy arifing firem (be faljpickm of 
improper motives, when a public performer is fpoken of in 
terms of approval by a periodical writer. On this head, how« 
ever, I feel fo little difficulty, that I am almoft in doubt whe* 
(her I fliould obliterate the lafl obfervation, or fuffer it to pafs* 


4/ccnt qf Mont Blanc and Mont Perdu, 

M. Fomeret of Laufanne, and the Baron de Dortheren, 
have undertaken a new excurfion to the fummit of Mont Blanc. 
After two days travel, they arrived at the fummit, where the 
wind was fo turbulent that they were forced fo fit together 
with their guides in a mafs to prevent their being precipitated. 
The cold was fix degrees below congelation, and with the 
rarity of the air afiedted their lungs in fo painful a manner, that 
they declare that no inducement Ihoukl prevail on them to 
repeat this ekpedition. The enterprk&d was without any 
beneficial confequence to the foiences. BibUotheqws de Sonmi. 

It was in the year 1787, that the celebrated De Saufliire, 
arrived at the fummit of Mont Blanc; and his voyage was 
confidered as a real conqueft'for the natural fciences. Sonini 
has learned by a private letter, that the indefotigaUe Ramond, 
well known from his refearches in natural htfiory, has at lafl 
reached the fummit of Mont Perdu, the giant of the ^yre* 

neans. 
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nean^ as Mont Bfamc is that of the Alps. This aievntgin 
vereA with glaciers and etenud fiiovrs^ which is eie?atOd ^ 

aiare Umii eighteen hundred toifes above the level of the fdaf 
and fifes higher than all the granitic Fics except Mont Blaiic» 
nufi neverthelefs be ranked among ternary mountaitvs^ finceit 
contains the remains of Tea animals and quadrupeds. The 
efforts of Ramond to reach the fummit have till now been con- 
ibintly iinfttccersfiili and he is the only one who has yetaccom- 
pliftied it. It prefents on all fides threatening projedions and 
fieep precipices. This lime, inflead of dtreding hit coarfe 
from north to fouth by afcending the mountain on the French 
, fide^ he travelled from footh to north by the flope which is 
directed towards Spain. He will foon publilh the intcrefling 
recital of his afcenfion. 

Experiment on Sounds 

In the Journal laft quoted, there is an account or notice of Low Soundifaji 
an experiment performed in the palace of the Tribunal, which ^ 
as there is fome obfeurity probably owing to the concifenefs of tancei. 
fhe narrative, I tranflate literally. 

Two figures of the fixe of life placed at the extremity of 
a very extenfive apartment, hear fpeaking with a very low 
voice in whatever pofition and however diftant the peribns 
who fpeak to them may be, and they anfwer all queflions in 
the moll fatisiadory manner. 

This carious experiment proves to philofophers, that it is 
poffible to all] ft the organ of hearing in the feme manner as 
inftruments have been contrived to allift the fights 

The author affirms, that it is poffible to tranfmit intire dif* 
courfes uttered in a low voice to very remote difiances, with^ 
out any indication of the place of the fpeaker. 

Evaporation of Water at an elevated Temperature. 

M. Leindenfrofi, in a dilTertation publilbecf in 1756, an^ExperlmcntiM 
Sioanced, that water lofes the quality of evaporating accord- 
ftgly as the heat of the bodies upon which it falls, is aug^ 
mented from the point of ebullition to the temperature of a 
white heat. A drop of water whieb he let fell into an iron 
fisdla heated to whiienefs. Was lirft divided into fevcral fmall 
giobales which afterwards united in one. Confidering this 
wdtk attention, he ebferved> that U tamed with great fwift^ 

nefe 
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Expcdsienti on became fmaller and rmallen After 54* or 

avapontioA. 3.5 feconds it difappeared with noife. . A fecood drop W|hh^ 
fell into the fame ladle now fomewfaat cooled^ difappeared in 
nine or ten feconds ; laftly, a third difappeared in three fe-* 
conds* When the fpherule of water in the white hot ladle 
was touched with a cold body, it difappeared in an inftant* 
Klaproth has repeated thefe experiments in the following 
manner. He took a highly poliflied iron ladle which he heated 
to whitenefs, and threw therein a drop of water, which be- 
came divided into feveral globules of different lizes, and foon 
united into a Angle fphere. As foon as this globule which 
exhibited the phenomena before deferibed, had difappeared^ 
he let fall a fecond, after which a^hird, &c. and he obferved, 
that the duration of each was lefs the more the ladle waa 
cooled. The following is the refult of two experiments* In 
the firft experiment the intenfity of the heat being greater ^an 
tn the fecond, the degree at which the water moft fpeedily 


evaporates happened later. 

1 ft Experiment, feconds. 2d Experiment. feconds. 
The Arft drop lafted 40 The Arft drop lafted f - 40 
The fecond - - - 20 The fecond • . - - 14 

The third - - . 6 The third 2 

The fourth - - - 4 The fourth , 1: 

The fifth- - - - 2 The fifth 0 

The fixth - - - 0 


Thefe experiments require to be made with much care. 
M. Klaproth obferves, that the flighteft circumfiances produce 
variations in the duration of the drops. 

Seven drops having been fucceffively thrown into the ladle 
heated to the neceflary degree, foon united into a globular 
mafs, which began its movement by a very rapid rotation^ 
This mafs afterwards divided at top, when a fpot of white 
froth was feen at the upper part of the ball, and its edges ap- 
peared indented. 

This experiment was made with ten drops, and afforded the 
fame refult ; but when a greater number was employed, the 
* mafs was unable to preferve its rotatory motion, and the whole 
of the water difappeared with a hiflSng noife. 

If inftead of the iron ladle or fpoon, a capfiile of pure filver 
or of platina heated to wbiteimft be ufed, the appearances 
nearly the bat thedurationof the balls isGommonlylonger< 
















A 


JOURNAL 

OF 

NATURAL PMloSOPMV, CHEMlSTRt* 

AND 

THE ARTS. 


APRIL, 1803 


ARTICLE 1. 

An Ana^fis of a Variety qf the Corundum. By the Reverend 
Wm. Gregor. Couununicated by the Author. 

The mineral j which is the fubjedoF the following obferva- Hiftory of 
tions^ was prefented to me by my valuable and refpeded 

A • • !• ^v*i « Bs \ aUIWUIH p ffl 

tnend Phiup Ralhleigh^ eiq* who was irruclc with the pecu- Tiiibet« 
liarity of its colour. Mr. Ralhieigh informed me, that be had 
found its fpecific gravity to be 3,6 at the temperature 60, and 
my experiments gave the fame refult. 

The coilntry where this flone was found, is Thibet : but 
in whiit particular part of that extend ve region I am not in* 
formed. 

The colour of this Aone is lOotled ; the prevailing tint is Ciianiacrf» 
a diluted lilac* The xnafs appears to be a confhfod cryfialli* 
zatlon, the parts of which are unequal, but mofily very mi* 
nutk The larger grains refleA a luflre not inferior to that of 
the common adamantine fpar. Although the adhefion of the 
parts of the mafs is notconfiderable, the parts ihemfelves have 
a great degree of indoi<itionf and from the fame caufe, proba- 
bly^ a greater fpecj^ gravity than the mafs itfelf*^' which 1 
found to be 3^603. 

Vau IV.— AeKtt, P 100 
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OF A VARIEtY OF THjjt CORUNDUM^ 


A. . 

Analy fis, puivc- 1 00 grains of this fione, which had been reduced to a powder 

tioji^ tl^turation. ® mortar^ were not affe6led in the flighleft degree by 
the magnet. 

The powder was of a lilac inclining to a pinkrcolour. Ex- 
pofed to a ftrong red heat for half an hour, it loft || of a 
grain in weight. Its colour was unaltered. — It was now 
rubbed (in a dry ftate) to a finer powder in a mortar of flint* 
Upon weighing it again, I found that it had gained no accef* 
ft on to its weight from tlie abraflon of it. 

Boilea to dry- * It was now put into a filver-crucible, and covered with a 
then wafted^* folution of potafli in * alkohob mixed with an equal bulk of 
auid the refidue diftilled water, and the crucible was placed in a fand-bath, 
vfa*ihcd**^*anV”^ gradually evaporated : and at laft it w'as boiled 

again, Ac. till drynefs. The fait which remained at the bottom of the 
iittlc remained, crucible, was diffolved in diftilled water, and its folution poured 
ofl^ from a fpungy earth, and a portion of the undecompofed 
ftonc \shich had fubfided. This operation was repeated in 
the fame way with frefh portions of potafli, until the whole of 
the ftone was dccompofed, except a fmall quantity of a fpungy 
earth, whicli was thrown upon a filtre and waflied with dif- 
tilled water, until what pafled through, it ceafed to cauTe the 
lead turbidnefs in a folution of nitrat of mercury. The edulco. 
rating water was added to the folution which had been efre6ted 
by potafli. 

B. 


The undccom- The powder which remained on the filtre was dried. It 
pofed refiHue was vvas of a gre)^ifh white colour. I put it into a firtall matrafs 
by'^fulphuric' moiflencd it with diftilled water, and then dropped fome 

acid. 


* I have reafun to fubferibe to the opinion of Mr. Chenevix, 
which he has given us in the mafterly and feientifle paper on the 
arfeniats of copper, with which he has enriched the annals of mine- 
ralogy and chemical analyfis, that it is by the means of alkohol alone, 
that potafh can be prepared, which is fit for delicate experiments. 

J was induced to employ a folution of potafh in alkohol, becaufe it' 
has been faid, that during the procefs for obtaining h in a dry ftat^,^< 
it a6ls in ibm^ degree upon the filver vefTels, in which its folution it 
evaporated. 'Ey evaporating it in cental the I thought- 
that this would be lei's likely to happen. 
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reftiiied falpharic acid upon it> and placed the veflel In a di- 
ge(tin|]r heat* The powder became at firft gelatinous. But 
this inconvenience was gradually removed, by the further ad- 
dition of acid. What was dilTolved thereby was extracted by 
diftilled water. 

The eartji which remained, after having been fufficiently The laft refidue 
edulcorated> was dried and expofed to the aflion of potafh in wfth pouft? 
a iilver crucible as before, and what the potafh dilfolved was its refidue by 
added to the alkaline folution before mentioned (A b). What 
was undifTolved by it was heated again with fulphuric acid, were added to the 
until it ceafed to aft upon it. The foluble part was extrafted 
by diftilled water. The refiduum was thrown on a filtre and fiiex remained# 
walhed with dillilled w'ater till it ceafed to afTeft nitrat of 
mercury : dried and heated red hot for half an hour, it 
weighed y gr. It was pure filex. 

The folution effefted by fulphuric acid, was mixed with the The fulph. fi>Iu- 
edulcorating Water and decompofed by ammonia, A white predp. 
fpongy earth was precipitated. When the ammonia ceafed it wnuined no 
to caufe any further precipitation, the clear decanted fluid was^ine* 
aflayed with carbonat of ammonia and carbonat of polalh, but 
no change was produced on it by the folution of either of thofc 
falts. From which circumfiance the abfence of lime may be 
inferred. 

The precipitate produced by ammonia was fufficiently Thc^waflied 

Waflied with diftilled water, and in a moift flate, was boiled pwcip. 

. /* « . /-I >11 1 /• rr,. *‘8^**' treated 

With the folution of potafli in a filver crucible as before. The with potafli } In 

alkali diflblved a portion of it. Which folution, together 

with the edulcorating water, which walhed the remainder, 

was added to the alkaline folution before mentioned, (A&}. 

What remained was thrown on a fibre, and edulcorated as 

before : dried and heated red hot for ten minutes, it weighed 

four grains. 

It was of the colour of pounded refin. E^jpofed to the It left oxide of 
flame of the blowpipe or charcoal it was unaltered. Moiftened^‘^*‘'‘“®* 
with melted tallow and ignited, it was not altrafted by the 
magnet. It was taken up by a globule of the phofphat of 
ammonia and foda, and fufpended in it in white flakes. It is • 

»foluble in the three mineral acids. But the folution, on being 
boiled, becomes turbid from the reparation of a large por- 
tion of it. It is precipitated from its folution in acids by 

P 2 pruffiat 
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prufliat * of potaih, of a beautiful grafs^^green, and by tlnc-^ 
lure of galls of A dark orange-colour. It poflefled^ in (hort, 
all the properties of the oxide of titanium. 

C. 

The alk. f(4u- The alkaline folution (Aft,) wks fatufated with muriatic 
muu acid, and ^ copious precipitation took place of a white earth, 

ditToived ; prc- which was redilTolvcd by a furtlier addition of acid. The con- 
oifpotaA^^and folution were thrown down by a folution df car- 

edulcorated. bonat of potadi. This precipitate colleded on a dltre, was 
w'adied with didilled water, till it paiTed through it taflelefs. ‘ 
Dry preclp. It was dried and introduced into a matrafs, and rectified 
aJph!*acl'd*Icft diluted with diftilled Water, dropped into it, 

dicx. and the fluid was evaporated. Fredi portions of acid were 

abdra^ed from it, as long as it feemed to a6t upon it. The 
foluble part was extra^ed by diflilled water, and thereiiduum 
w'as edulcorated with diflilled w^ater, till it ceafed to produce 
any change upon nitrat of mercury ; dried, and heated red 
hot for half an hour, it weighed 10 grains. It was pure hlex. 
This fulph. foiu- The folution which the fuiphuric acid had effeded, mixed 
with the water with which the refiduum had been edulcorated, 

Cit pOtAlll CiV6 

alum. was gradually evaporated, and a fufheient quantity of acetite 

of potadi was added to it. Regular cry Hals of alum were 
, formed to the lafl. A fmall portion of iilex, amounting to 
about I a grain, was feparated. 

The alum, wu Diflilled Water was poured upon the alum^ in a quantity 
decomp, by carb. fufgcient to diifolvc it in a warm Hate ; and whilft warm, the 
folution was decompofed by a folution of carbonat of ammo- 
nia. The ipungy earth which was feparated, was colieded 
on a filtre and edulcorated with diflilled water, till it produced 
no efTed upon nitrat of mercury. 

♦ The prufliat of potaih which I employed, was prepafed by 
dropping a fblution of tartrite of potafh into a folution of prufTiat 
of Kine, as long as any tartiite of lime is precipitated. Large and 
beautiful eryftals of prufliat of potafli are produced by evaporating 
the fluid, which I have found to remain unaltered for feveral years. 
e By this method the intrafion of the fuiphuric acid is prevented t but 
Mr. Henryks late ingentcMs proceft Teems to be, for many reafoh^ 
preferable to it. The prufliat of titanium promifes I think; to be 
ufeful in the arts. Painters in oil and water colours would find in 
it a valuable acquifition, as a beautiful tranfparent green. 


The 
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• 

The elomina was dried gradually^ and heated in a crucible, 
fo that the bottom of it was only of a low red : it weighed 
11 1-^gr. Expofed to a ftrong red heat for half an hour, it==87f • and hut. 
Sufpeding that a finall portion of alkali was retained by it, 1 
rubbed it to a fine powder, and digefted it with acetic acid, 
for many hours, and faturabsd it with ammonia. 

The alumina fufficiently edulcorated, dried and expofed to 
a flrong red heat for half an hour, now weighed 81^. 100 

grains of the original pounded fpar, from which 1 had taken 
the lOCf grains on which 1 operated, were expofed to the fame 
.heat, and for the lame time, and loft ^ grain, as 1 had 
found before. 

The proportion which the feveral ingredients of this ftone Componeat 
bear to e^ch other, according to the foregoing analyfis^ will 


be. 

Alumina »[Cd] - 81,75 

[B5l 1,625} 

Sifex rC5’ 10 S — 12,125 

fCc] 0,50 ) 

Oxide of titanium .[Bd‘ - -- -- -- ^ 

Water - - - - [A a] 0,937 

J-ofs - - • 7 • r 1,188 


^00 

I have repealed the analyfis of this mineral * feveral tiroes, AmlyAs r«- 
and have always found it to contain the fame ingredients ; ^ 
though there has been a flight variation as to the relative quan- 
tfties of each. This we might expedt to be the cafe^ not only 
from the lofs infeparable from the operations to which the ftone 
is fulgedled, but alfo from the nature of the ftone itfelf, as it 
is not perfedlly homogeneous. In one inftance, 1 found the 
alumina amount to 84 per cent, and the filex proporlionably 
diminiflied. — Until we have better means than vye have at 
prefent, of afeertaining the real quantities of waif r and oxygen 
which the earths and the oxides of metals feverally retain in 

• I am indebted ta the kindnefs of Mr. Rafhleigh, for another 
fpecimen of corundum from the fame place, which differs in fome^ 
jefpe^ts in its external appearance from that which I examined. Its 
poloua « not of fo bright a lilac, and it feems of a more compaa 
and uniform grain. Its liirface is covered with a coat of yellow 
|nica.--Thi8 1 have not fubjeaed to experiment. 


the 
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tlie natural flate in which they exiA^ as ingredients of corn* 
plex ftones, we muft confider the refult of chemical analyfis, 
but as an approximation towards the Ariflnefs of truth, 

A'i the intrufion of the oxide of titanium into the place, 
which has been ufually occupied by the oxide of iron, confti- 
lutes this Aone a variety of the adamantine genus, I have been 
induced to record my experiments. I am aware, however, 
that it may be juAIy obferved, that the oxide of neither metals 
is efTential to the nature of the corundum. 

Oxide of tlta- I have ;io doubt, but that the oxide of titanium will be found 
mum often met more plentifully fcattered abroad throughout the mineral 
kingdom, than it has been hitherto imagined. I havedcte£ted 
it in a fpccies of (liirl, which occurs in a large cryAalli^ed 
mafs, on the tenement of Botallack, in the pariih of JuA» in 
this county. It cumpofes fcvcral alternate beds or floors of 
varying dintenfions.— -The compadnefs of thefe beds not hav. 
ing allowed the cryflals to (hoot with freedom in any direc- 
tion ; It is rarely that they occur with their terminations com- 
pleat. — Thefe, however, in ne refpeft differ from tlie common 
form, and vary only ia the length of the prifm, from ^ of an 
inch tXK an inch. — The colour of this fliirl is black.-*-! have 
alfo lately difeovered the oxide of titanium in two fpecies of 
bafalt, of the form of large pebbles, which I found ne‘ar the 
fea-{hore. Whether they are natives, or whether they were 
dropped upon our coaft accidentally as ballaft from fome vefTel, 
i have not as )et had an opportunity of afeertaining. That 
they are real bajhlts, I reft upon the authority of one on whom 
I can fafely rely, whofe knowledge in mineralogy can be only 
equalled by his friendly dirpofition to communicate it. I 
mean John Hawkin'?, Efq, 

My experiments alfo proved, that they contained all the 
known ingredients of bafalts^ with the addition of the oxide 
of titanium. 

• 

Creed, near Grampound, Cornmll, 

March 2, 1803. 
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Jitter from A/>'« William Henry. Concerning the Inven* 
tion qf Aromatic Vinegar, 

To Mr. NICHOLSON. 

SIR, 

I AM fenfible that an apology is neceflary for intruding on The appr<^r1a« 

you and on your readers, a fnbjc6t which may appear, on 

view, to have little claim to general attention. If the rights of general con- 

and" interefh 6f an individual were alone involved on this 

cation, I thould not have requefted a place in your Journal, 

for the following flatement. But it is furely matter of general 

concern, that the appropriation of difeoveries and improve- 

tnents thould be dealt with tlri6l jutlice to their authors ; for 

the profped of this diftribution of ** honour where k is due,^* 

is one of the motl animating principles of a6tion; and the 

extinction of this motive would follow an indifference on the 

part of the public, to the claims of inventors. 

More than fifteen years ago, during the delivery ofacourfel^'tcovery thai 
of chemical leClures by my father, in this town, he had occa- 
tion to notice a quality of the acetic acid or radical vinegar, and elTentiil oils, 
which had not to his knowledge been obferved before ; viz. 
its property of ditfolving camphor and various eflential oils. 

The compound was found to poflefs a molt pungent And agree- * 
able odoUr ; and as the vinaigre des quatres voleur^ hAd gained 
much reputatibh in preventing infeClion, it occurred to him 
that the newly difeovered (blution would have itill more 
powerful effefts, in confequence of its high Hate of concen- 
tration. A bottle of this preparation he gave to a late aCtive 
magiftrate and philahfhropift (T. B. Bayley, efq. P. R. S.) 
who, in the courfe of an unwearied and undaitnted ekercife 
of his public functions, was frequently expofed to the dangers 
of foul and infeCled air. Mr. Bayley was highly gratified by 
its effects; and not only made conftant ufe of the sxroinatic 
vinegar on the bench, and on his vifits to the prifon, but in- 
troduced it to the adoption of feveral of the judges, and prin- 
cipal gentlemen at the bar. He alfo firft fuggefted to ifty 
father the propriety of benefiting by his difeovery, and was the 
medium of a connection with Mr. Bayley^^ perfumer, in Cock- 
Ipur Street, which has been cwitinued to the prefcnt day. 

The 
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The/^aion of The aromatic vinegar, like all other articles in general de* 
fician”givSn mand, Jias been a frequent fubje£l of imitation. But it is not 
t fubfequent of this that I complain ; for in CQnfequence of unremitting aU 
claimant. tention, our preparation has maintained a decided fuperiority 
over ^11 others, both tp quality and extent of fate. The 
occafjon of this appeal to jour readers is, that one pf thefe 
imitations has been fandioned by the name of a refpedable phy- 
fjcian, who, though not exprelsly yet l)y iiqplication, confers 
on another the credit of that inventipn, which in juilice is due 
to my father. (See a letter Jrom Dr, Trotter^ ph^fician to hifi 
fleet, c^tained in ttu advertifemcnt qf a ^ London drug^ 

Subfequent pro- From the recommendatory letter alluded to, it is fufficien^Iy 
ceediniis, Src, evident that Dr. Trotter was unacquainted with any prior claiip 
to the invention qf the aromatic vinegar ; and he was there- 
fore furnidied by my father, in the mod refpedful manner, 
with the fads that have been laid ()efore you. To this letter 
the dodor has^never replied, though he declared verbally, to 
a medical gentleman, that my father’s preparation had never 
fallen jn his way ; and that if if had, he (fiould with equal 
. readinefs, have given tcdimony in its favour. The adycrpTe- 
ipent, hqwever, dill continues to he regularly infcrtefl ; and 
I thereforq deein it expedient to appeal thus publicly, againd 
the injudice of fuch a proceeding ; efpecially in behalf of a 
* man, whp has imitated (be original, only in aflbming, with 
the cooled effrontery, an advertifemcnt drawn up by myfelf. 

I believe thpre are few of your readers, who will not decide, 
that thje ordinary forms of civility required Dr, Trotter to have 
taken fofne notice of the letter that was addreflfed to him ; 
that fucb an attention oug|it to have been paid to one of the 
oMed praQitioners of medicine ip this country ; and that more 
refped was due to a man (whoip I iru^ it is not unbecoming 
me to chara^erize, in terms already publicly applied to him, 
piri§ faudatis '' refpe^lab|e in fciencc and literature," am) 
didinguifl^d by ipgenuity, honour, and the (trifled integrity.’^ 
f am. Sir, 

your pbliged friend and fervant, 

. * william henry, 

Monchftfr, March 13, )8Q3, 

* Dr. Aikin and Dr. Percival. 
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CwHon againli tie Danger iff teasing Phojpkoric Preparatione in 
tie Vicinity <if Wood, By a Correjpondent. 




To Mr. NICHOLSON. 


S I R, 


anarch ly 180S. 


.A.CCIDENTS in chemical experiments not feldom afford 
ufeful faAs or fuggeffions ; but I am doubtful whether or no 
the following occurrence will be thought worth notice in ypur 
Journal : however, the account of it is at your fervice. 

While at ledbire this morning, we were fuddenly annoyed Narrative of fire 
by a column of white fumes iffuing from amongft bottles of 
preparations on a flielf, which was foon followed by flame, phorui. 

On examination I found the inflammation proceeded from a 
bottle cont^ning lime, into which phofphorus had fublimcd in 
the upper part of a tube in the making of phofphuret of lime. 

This was not therefore phofphuret of lime, but only the mix*- 
lure of particles pf ignited phofphorus, with pulverized lime 
fcarcely ignited. |n this circumflance the phofphorus I know 
becomes oxigenized to be in the (late of oxidule, if not of cxidc; 
which compofltion it is well known, 1 fuppofe, is employed 
for the charging of little bottles to inflame fulphur matches by 
mere friAion of them within fide of the bottle. In the prefent 
cafe, the bottle containing the lime with phofphorus had 
cracked, fo as to admit air, which excited the inflammation at 
the temperature of about 65^. Such preparations fliould 
therefore be kept out of the way of wood, or any inflammable 
fubflance, for if this accident had happened when no one was 
prefent, the whole laboratory would have been fet on Are. 

Tour's truly. 


IV. Defcription 
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IV. 


D^cription qf a new JUfle6Hng Sluadrant. By Mr. Ezekisa 
. Walker. From the Jutitor, 


To Mr. NICHOLSON. 


SIR, 


ObferTatioaa on 
Had ley % qua* 

draat* 


That inftrument which goes by the name of Hadley^s 
Quadrant^ may perhaps be deemed one of the Ofioft ufeful in- 
ventions of the laft century. Although its arc is only the one 
eighth part of a circle, yet it is fo condrudted as to meafure 
angles from 0® to 90° by the fore obfervation, and from 90® 
to 180^ by the back obfervatlon* But as no method has yet 
been found out, by which the back horizon glafs can be ad- 
jured with the fame exa^nefs as the fore one, all angles above 
90® which are taken by the back obfervation, cannot be re- 
lied on fo much a.s thofe that are taken by the fore obferva- 
tion. To obviate this inconvenience, the fextant was invent- 
ed, by which any angle lefs than 120^ may be taken by tho 
fore obfervation. This is an invaluable inflrument to the 
nautical aftronomcr ; and indeed it is much to be regretted, 
that its ufe is not fo generally underdood by travellers, as tho 
of imperfect ftate of geography requires. It inufl, however, be 
the fextajic. admitted, that it is not quite free from imperfections. Firft, 
an angle greater than i 20® cannot be taken by it ; and fe- 
t:ondly, when a large angle is taken, the rays of Ugli,t fall fo 
obliquely upon the index glafs as may otcafion fome doubt re- 
fpeCling the truth of the obfervation, Mr. Ludlam gives it as 
a! general rule, in conftruCling an oClant, ** that very oblique 
reflections from the mirrors ought to be avoided *.** If it bo 
neceflary to obferve this rule in confiructing an oClant, the fame 
fhould be attended to, as much as poflihle, in taking obfer** 
vations. 

N€w inftrumcnt Thefe imperfcCtions fuggefted the idea of an inflrument to 
mcafunng to meafure any angle between 0^ and 180® by the fore obferva- 
oblique rcflcc- Without very oblique reflections from the mirrors. Plate 

XII. Fig. 2. exhibits a plan of this inflrument, where L M C • 
reprefents an oClant, conflruclcd in the ufual way, A B the 


* Ludlam on the ufe of Hadley's quadrant, par. 91. 
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index glafs, m the horizon glafs, and H E <he line of fight, or 
axis of the telefcope. Upon this line of fight, at an angle of 
45 degrees. Jet another horizon glafs be fixed,* reprefeiUed b/ 
xy, which may be called the /econd horizon gl^s. 

When a ray of light R n falls upon the centre of the glafs 
xy, at an angle of 45 degrees^ it will be reflected to the eye 
at £ ; becaufe the angle jrE (the angle of refie6tion) is == 

45^ by confirudion, and confequently RfiH and RnEare 
fight angles. 

The Ujb of the RefleSling ^luadrant in taking Angles. 

All angles lefs than 90^ are to be taken by thi» inftrument. Manner of ufing 
in the fame manner as by the fextant. But, fuppofe it were 
required to obferve the fupplement of the fun’s meridian alti- 
tude at fea, let the axis of vifion be direded to the zenitli, 
and turn the quadrant till that part of the horizon, which Is 
oppofile to the fun, be feen by refledtion from the fecond ho- 
rizon glafs ; then turn the index from 0 towards M> till the 
fun appears in the telefcope, with one of its limbs in contact 
with the horizon, and the index will fliew the fun’s obfervcd 
zenith diffance ; to which add 90®, and the fum will be = 
the angle obferved by the quadrant, =: the obferved fupple- 
mcnt of the fun’s meridian altitude. 

\ 

To adjuft the Second Horizon Glafs. 

t 

Let the arc L N be made equal to the arc L M, and gfa- Adjuftmcnt* 
duated from 0® at L, to 90* at N. Then, after the index 
error has been determined, fet the index to dO® at and 
elevate the telefcope till the fun, or Ibme other remote objedl, 
be feen by refleflion from the index and horizon glaffes, and 
the fame objedl will alfo be feen by reflection from the fecond 
horizon glafs ; confequently, the angle RnH becomes known 
to as great a degree of preclfion as the index error. 

I am, 

SIR, 

Your obedient fervant, 

EZEKIEL WALKEH. • 

Lynn Regis, Feb, 20, 1803. ’ ' 


V. Mlfcdlancous^ 
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V, 

MifitUaneoia Itiformatim* Mijtake reJptBing Ik. Tkmpm, 
Author qf the Elements of Chetniftry. Ohfervatims on the Scot^^ 
tijh §luerns. On the fuppofed Determination of the real Zero 
if Heat. In a Letter from q Correjpondent. 

To Mr. NICHOLSON. 

SIR, 


M'li^refpeQ. ][ BEG leave to ohferve a fmall inaccuracy in the notice * of 
Iba. Thomfon^^i Syftem of Chemiftry. Thomas Thomfon, 

M. D. Le^urer on Chemiftry in Edinburgh, who is much 
efteemed for his extenfive knowledge, is the author of that 
excellent work. The Notes on Fourcroy’s Elements of:Che- 
roiftry were written by Mr. J<^n Thomfon, furgeon in Edin** 
burgh. 

The following remarks are at yoor fervice, from 
SIR, 


Yqur very humble fervant. 


Edinburgh, Feb. 17. 1803. 




t 1 , Ol^rvatiom on th Scottijb Sluerw. 

The Scottliji • The Indian hand mill, defcribcB in the Philofophical Jour- 
juernorhand much refembles the band mill or querqk 

ufed by the cottagers in Scotland for grinding malt. There 
are many varieties of querns, but the greater number of them 
aufwer to the defeription jufr quoted, to whiclr 1 beg leave tp 
refer the reader. 

The querns in Aberdeenftiire have a peculiar fprni : a cyr 
lindrical cavity in the under ftone contains the ppper one. . A 
plug of wood is driven in the center of this ftone for fixing the 
gudgeon, and there is an eye or aperture in the angle through 
which the ground malt runs out. Inftead of cutting fo much 
out pf the folid ftone, it would be better to ufe a- wooden 
drvih. . It is unneceflary for me to give a more minute detajl 
of the Scottifli querns, which have been long knovi^n in this 


• Phil* Jour. 8 VO. III. 62. 


country j 
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coUfitry; fbveral piwes of them having been found in the 
ruins of very old buildings. 

In DumfriesAiire there is a imdll pair of mill ftones on 
frame> driven by a crank, a vertical cog wheel, and a hori- 
zontal pinion, which grind vety wbll, aitd are extremely ufe- 
ful. The (lones have a drum and hopper like a Angle mill. 

An feafy expeditious method of reducing grain to flour, is of 
the utmoil confcquence to the inhabitants of every civilized 
country, and ingenious men deferve our bed thanks for their 
reiterated attempts to obtain fo defireable an end. 

11% Olfinfatum oh the fuppofed Determination of the real Zero. On the leroof 

heata 

Many eminent chemifts have endeavoured to difcovcr the 
real zero, or the divifion on the thermomctric fcale corrc- 
fpondmg to the total privation of caloric, but their labours 
have hitherto been unfuccefsfu!. Dr. Irvine bf Glafgow con- Dr. Irrine. 
trived a theorem for this pilrpofe, which he founded on fup- 
pofitions and experiments ; and Mr. Dalton has lately propofed Mr. Dalton# 
an hypothefis for the folution of the fame problem# Thefb 
may be confidered in their order. 

Without giving Dr. Irvine’s theorem, which h fo well 
known, I (hall infert the principal refulU of the experiments 
and calculations founded on it. 

In the following tabular view, the numbers in the Aril co-j)etermlnatlon$ 
lumn denote degrees of Reaumur's fcale above or below 
feezing point, and thofe in the fecond column indicate de- rctn. 
grees of Fahrenheit's fcale above or below the fame point, ac- 
cordingly as the lign plot or minue is prefixed refpedlively. 

Reaumur. Fahrenheit. 

M M. La voider and Laplace, from 
experiments on a mixture of nine parts 
of water and 16 parts of quicklime, 
place the r^l zero at ^ - — 1.537®= — 3438^^ 

Their experiments on a mixture of 
. fulphuric acid a \d water, in the pro- 
portion of 4 to 3 refpeftively, fix it at — 3241= — 7292^ 

Their experiments on a mixture of 
the fame fluids In the proportion of 4 ' 

to 5 place it at - - - - —1 169=-*2630| 

And 
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Reaumur* FahreafaeSCA 

And the experiments of thefe cele- 
brated philofuphers^ on a mixture of 
nitrous acid and quick lime in the ratio 
of 9|to 1, give for the real zero, 

1889 

—6.01783 - . , - 4.10594'|:=:+23837| 

Scguin, from the experiments of La- 
voiiier on the combuflion of phofphorus 
narrated in his Elements of Chemiftry, 
determines the place of the real zero 
to be ... - - . —842=— 189 

He found/ by the experiments of 
Lavoifier on the combuflion of carbon, 
that it fliould be - - - -—1204= — 2709 

And lie inferred, from Lavoificr\s 
experiments on the combuflion of hi- 
(Irogen gas, that the real zero fliould 
be at . - - - - — 739=— 1662| 

The comparifon of the capacities of 
water and ice, which, according to the 
experiments of Kirwan, are as 1 to 
0.9, fix the real zero at * - - — 600= — 1350 

Dr. Crawford, from experiments on 
^ the combuflion of hidrogen gas, places 
the real zero at t . - - — .C80^= — 1532 i 

Gadolin’s experiments on the con- 
veriion of fnow into water, taking the 
capacity of fnow to that of water as 9 
to 10 according to Magellan, place the 
real zero at J . — 649^=— 146I-J 

Thffc rcfults Thefe ten widely different refults, of which one is impof- 
differ widely, induce US to conclude that one of Dr. Irvine’s fuppofi- 

poflibe. fitions at lead is erroneous. Indeed, it feems to be agreed 
that his theorem is not well founded. The feventli and ninth 
numbers alfo fliew, that a near approximation to accuracy is 

An interefting Paper by M* Segum, from which the firft eight 
numbers are taken, may be feen in the Annales de Chimie, V. 255* 
f Crawford on Animal Heat, 267* 
i Ibid. 458. 


fcarcely 
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fcarci^Iy attainable in thefe experiments* Let us now con- 
iider the fecond hypothelis. 

In the Philofopiucal Journal, Vol. III. page. 1 30, there is Mr. Dalton^t 
a very important paper of Mr* Dalton's on the Expanfion of *^1*^^^**®^*^ 
Elaflic Fluids, where he fays, ** In order to explain the man« 
ner in which elaftic fluids expand by heat, let us aflume an 
bypotheiis, that the repulfive force of each particle is ex* 
adlly proportional to the whole quantity of heat combined 
with it, or in other words, to its temperature reckoned from 
the point of total privation : then, iince the diameter of each 
particle's fphcre of influence is as the cube root of the fpace 

occupied by the mafs, we fliall have y/1000 : y' 1325 { 10 : 11 
nearly) ; : the abfolute quantity of heat in air of 55® ; the 
abfolute quantity in air of 212^. This gives the point of total 
privation of heat, or the abfolute cold, at 154-7® below the 
point at which water freezes." 

According to this hypothefis, I have computed tlie follow. Compactions of 
ing numbers, where the fame is to be underflood as in the lafl 
table, except the degrees in the ^rfl column, which are thofe 
of the centigrade thermometer. 

Celfius* Fahrenheit. 

^r000;^f3^: ; 10: 10,983 liG, 
which places the real zero at - — 87 1®.12= — 1573^.4-3 

l/Tooo: l/TrfS 10 : 11.1199, 
which fixes it at - - - —*892. 93-= — 1607.29 

l/TT^ : ^ : : 10.528 : 10.9S34-, 

nearly, which gives • . - — 952.34=— 1714.2 

^1000 : l/ l 167 :: 10 : 10,528268, 
and the real zero is at - - — 827.77= — 1485.93 

Thefe deductions do not differ nearly fo much as thofe mthe Thefe fefults 
firft table ; yet they give grounds for believing that the fup- 
pofition, or the greater part of the experiments is erroneous, 
h is no fuppoit to the validity of this hypothefis to fay, that 
the firfl number nearly agrees with one deduced from a me- 
thod totally different ; for it might have been confideraUj 
greater or lefs than it is, and yet have been nearly equal to 
one of thofe in the firfl table. There feems to be a flip in the 
degrees mentioned in Mr. Dalton's paper ; for 167 -f- 158 = 

325, the whole dilatation between 55® and 212®, while 77f^ 

5 +77|* 
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+ 771^=155® only, which (hould be 157^, ofwhicli'thd 
halfis78|^. This might eafily happen : in the calculation^ 
of the third and fourth number I have ufed 78f 
Mr. Dalton and Cit. Gay Lmflhc have confiderably I'm- 
proved tlie method of experimenting on gafes, and it is to be 
hoped they will pu(h their improvements ilill farther. 

n. 


VI. 

Outline of the Craniognomic Sifem af Dr. GaU of Vienna. By 
Dr. Bo/amss. 

C Conduced frmn Page 202 J 
6, Organ of tfte Inftind of Sexual Union, 

The organ of the inftin^t of fexual union is fituated at thef 
bafe of the occipital, behind the medulla oblongata, and the 
large aperture of the ocapiial. 

This organ is not developed until the age of puberty ; and 
it in a great meafure influences the figure of the back of the 
iieck^ becaufe the inufcles are attached to this part of the 
cranium. 

The developement of this organ does not take place in ani- 
mals whicli arecafirated before puberty, for which reafon it is 
invariably obrer\'cd that bulls have much ftronger necks than 
oxen^ and ** that horfes which have undergone this operation, 
before the neck is formed, are always flender in that part." 

In tlie monkey, the hare and the cock, this organ is very dif- 
tin6t, and in pigeons and Iparrows the occiput forms a peculiat^ 
fack, which appears to be an appendage to the head ; it is 
alfo known that thefe animals have a ftrong difpofition to co- 
pulate. The fame oonfiguration is fomeiimes found in the 
cranium ^ men, and Gail poflelTes in his cabinet feveral ikulls 
of idioti,^ who were noted for lafeivioufnefs, in which the ot- 
dfat has a very unufual projection. 

6. Organ qf the Mutual Lore of Parents and CUldren. 

The organ of the mutual love of parents and children occu- 
pies all the back and upper part of the occipital; from its pofi- 
< tiOR 
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ti'on it is intimately conneAed with the preceding organ, which 
confequently influences this by its aAion. ** The excelBve 
developement of this organ fometimes contributed tb form that 
prolongation of the occiput of which we fpoke in the preced- 
ing article,** 

This organ is in general more diflindt in women than in 
men, and throughout nature it is more defined in the female 
than the male ; it is more particularly apparent in monkeys, 
whofe fondnefs for their young is fo remarkable as to have 
become proverbial. 

In general, all thofe animals which (hew much affedtion 
for their young are provided with it ; and it appears to us that 
pigeons, the male of which fits on the eggs as well as the fe- 
male, and which feed their young nefllings by a kind of rumi- 
nation, may be taken as an example.” 

The cuckow, which never rears its young, is almoft en- 
tirely deftitute of this organ. 

7. Organ of Attacbnent, of FriendJIdp. 

Behind and between the parietals, and on the lateral parts Attachment}' 
of the occipital, is placed the organ of attachment, or 
friendfliip. 

** By its pofition it has an intimate connedlion with the two 
preceding organs, and it is in animals deflined to live in focie- 
ties that the united adlion of thefe three organs takes place.” , 

Dogs fliew the mod aflonifhing marks of attachment, and 
fpaniels, terriers, and houfe-dogs afford the greateft number 
of examples ; thefe fpecies are alfo diflinguifhed by a large 
head, in which the developement of this organ is found be- 
hind and above the zygomatic apophyfes. The head of the 
greyhound, which is lefs fufceptible of attachment, is nar- 
rower behind, and ufually without this organ. 

8. Organ of Courage, 

The organ of courage is placed at the poflerior and inferior 3^ courage, 
angle of the parietals. It aflifls in increafing the (ize of the 
head and feparating the ears from each other. Its proximity 
to the three preceding organs accounts for the fury of auimab 
in rutting time, and for the extraordinary courage of thofe* 
which have young, or which protedl their females or the in- 
dividuals of their fociety. 

VoL, IV. — April. 
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It is moft diftincl in the hyena,, the lion, Ae wolf, fome 
. fpecies of dogs, and particularly in the wild boar, the fiercc- 

nefs of which is well known. , 

On the contrary, the afs, the greyhoulnd, the (heep, the 
hare, which are diftinguiftied by their timidity, are deftitute 
of this organ ; their heads are narrow behind, and their ears 
almoft clofe together. 

A Angular phenomenon fecms to give countenance to the 
opinion of Gall refpedting the fituation of this organ ; it is the 
involuntary a 6 lion of a man who lofes his courage. He rubs 
behind his ears, as if endeavouring to ftimulate the a 6 lion of 
that organ from which this faculty is derived. 

Note, " We have noticed an action of cats vvhich appears 
to have foine rcfemblancc to the above, and which regards 
the organ of attachment. It is, that in carefllng man they rub 
againft him with the back part of the head.” 

9. Organ of the Infiindt to AJfaJfmite, 

9 . Aflaflinatlon. The organ of the inftinft to atralTination is fituated more 
forward than the organ of courage, towards the middle of the 
fides of the parietals. 

It is developed in all the carnivorous animals who live by 
prey ; and Gall found it in the fkulls of fevcral murderers. 

10 . Unknotvn Organs, 

to. Unknown. Two organs which correfpond with the temporal bones> 
arc yet unknown as to their fundlions. 

11 . Organ of Cunning. 

fi. Cunning. The organ of cunning occupies the front and lower parts of 
the parietals ; it is developed in all thofe animals which are 
diftinguiftied for this faculty, fuch are the fox, the pole-cat, 
the cat, the div^r *, and it is in the moft intimate combina- 
tion with the organ of theft, which is only a prolongation of 
this towards the orbit, and is found in cats, feme dogs, and in 
magpies. 

* An obfervation which it appears difficult to reconcile to this, 
^ that Gall conftantly obferved this organ to be developed ia 
poets; be gives no explanation, but his obfervation is accurate. 

It 
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It is perhaps to the developement of this organ tliat the 
Calmucks, whofe national charader is that of theft, are in- 
debted for that magnitude of their heads which has been no- 
ticed by fome obfervers. 

12 . Organ of CircumJpeStion, 

The organ of circumfpedion is fituated in the middle of the ii.Circumfpec- 
parietals, above the organ of cunning, and that of the inftind 
to afTaflination. 

The exceffive developement of this produces irrefolulion, 
and its defed caufes heedlefTnefs ; it is diftind in the chamois 
. and the rein-deer, the circumfpedion of which is remarkable, 
and which do not tread over unknown paths but with the 
greateft precaution. 

It is alfo found in fuch animals as only leave their retreats 
at night, fuch as owls, otters, &c. 

13. Organ of the InfiinStfor Self- Elevation » 

This organ, in the middle of the inner border of the parie- 13. Sclf-clcvaW 
tals, a little farther back than the middle of the upper part of 
the head, gives us a true notion of the difficulties to be over- 
come in the refearches of Gall, and at the fame time affords 
a ftriking example of the happy opinions of this accurate ob- 
ferver. 

He found this organ well developed in the chamois, and * 
ftill more fo in the wild goat ; he alfo noticed the fame in 
many men diftinguiflied by their pride. It was difficult to 
bring thefe obfervations into one point of view ; but on con- 
fidering that the chamois frequents the moft lofty parts of 
mountains, that the wild goat is conftantly endeavouring to 
afeend higher, and that pride, attentively examined, is only 
the defire to be fuperior to olliers, he was perfuaded that this 
was the organ which produced thefe efieds, apparently fo dif- 
fering, and he took it for the organ of tlie inllin^f of railing or 
felf-elevation. 

The head of the proud man, raifed and thrown back, tends 
to confirm this opinion ftill more. 

Note, ‘Mt appears to us that the figure of a proud maif# 
oppofed to that of a fubmiftive and modeft man, renders the 
truth of this notion more obvious. In the firft every tiling is 
direfied upwards j he fets up his hair, raifes bis head, lifts , 

Q 2 his 
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his brows, turns up his eyes, thjrows^back his (boulders, walks 
on tip-toe, and confiders every furrounding dbjc£l as ben^th 
bim ; in the other, on the contrary, the hair falls naturally, 
the eyes, the eye-lids and the head are turned downwards, 
the body and the knees are (lightly bent ; in (bort, every thing 
indicates a (late of fubmiihon, without a wi(h for fuperiority/^ 


Love of 
glory* 


14. Organ of the Love qf Glory i 

When this organ is extended farther on the fidos, it forms 
that of the love of glory, a propenfity very analogous to pride. 


15. Organ of the Love of Truth. 

tS* Love of The function of the organ which is feen at the pofterior and 
truth. fuperior angle of the parietals, is not'cxa6lly fixed by Gall ; 

neverthelefs lie has reafons to confider this angle as the feat of 
the organ of the love of truth ; but he has not yet colle£led a 
> fufficient number of fa£ls to produce entire convidlion. 

Note, We have fome difficulty to perfuade ourfelves of 
the fun^ion attributed by Gall to this lad organ ; it appears 
to us, that an organ found among thofe with which animals 
provided as well as men, ought not to be appropriated to 
a faculty, like the attribute of veracity, is adapted only to the 
latter. 

Neverthelefs this faculty, like that of pride, may becapa- 
. ble of great modifications in animals ; and we acknowledge 
that we have known two men, one of whom was didinguilhed 
by extreme veracity, and was furniihed with this organ in a 
very eminent degree ; but the other, on the contrary, whofe 
difpodtion for falfbood was extraordinary, was ib entirely de- 
dilute of it, that indead of a proje6lion, there was a cavity in 
this part of the head.'' 

In the anterior, or lower part of the osfrontis, Gall difeo- 
vered many organs, the fundlions of which arc of great im- 
portance. 

At the commencement of his invedigAtions, he confidered 
them as organs of the ditferent fpecies of ixemory ; but after- 
wards obferving that their adlion was not mejely reprodu6tive, 
bi%t alfo productive, he was induced to confider them as the 
organs of particular fenfes, and to edabli(h, from this obfer- 
vation, the opinion that memory in general is only the repro- 
ductive operation of all the organs ; and that imagination, on 
the contrary, is their productive aCtion. 

The; 
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'Tlie automatic inotion*of man who endeavours to recolledl, 
feem^ to relate to thefe organs. He places his hand, uncon* 
fcioufly, upon the lower part of his forehead. Thi$ *a£tion^ 
though unobferved by him who performs it, is neverthelefs con- 
ftant, and is never confounded with that mentioned before^ 
under the bead of the organ of courage. 


, 1 6. Organ of the Senfe qf Locality. 

The organ of the fenfe of locality occupies the fore part of i6. Senfe of lo-- 
the osfrontis, which Correfponds to the protuberances above 
the orbits CprotuberantiaJUpr^ orhitaks) ; it is generally found 
^in the craniums of thofe who are didinguidied by large frontal 
iinufes, and uniformly have an anterior cavity adapted to an 
elevation of the brain. * 

When it a6ts reprodudlively, it confiitutes what w’e term 
local memory (memorialocalis) ; by its produdtive operation, 
on the contrary, it inclines to combinations of new localities. 

It is this organ which, in unknown places, diredls the 
blood-hound, in whom it is (Irongly defined ; it exifts in all 
birds of paflTage ; it incites them to change of place, to fake 
long flights, and to return to their firfl habitations : the fiork 
and the fwallow are eminently provided with it, as well as 
thofe animals which remove the farthefl from our climates. 

In fuch men as are furnifiied with it, we alfo difeover a ftrong 
remembrance of places and a defire to travel j it is alfo con- 
flantly found in good painters of landfcapes. 

** A general, who regulates the difpofitions of an army, 
and who at a glance mufi difeern all the localities of the coun* 
try he occupies, cannot fucceed without it.” The great 
Frederic fiirnifties us with a firiking example. In advanced 
age, this organ is one of thofe which fenfibly diminifhes : it 
is alfo notorious that every kind of memory and of imagina* 
tion grow weaker as the individual becomes older ; the frontal 
finufes then increafe within j the adtion of tl\p brain is no 
longer capable of obftrudling their devclopement. 

17. Organ of the Senfe of Things (fenfum rerum.) 

The fenfe of things has its correfpondent organ in the lowdfe*?; S«nfeof 
and anterior part of the osfrontis, between and higher thaih ^''**** 
the preceding ; its adtion is both produdlive and reproduc- 
tive; and, in the latter cafe, it gives the remembrance of , 
fisidis and things. 


ThU 
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This organ is very neceflary to education and inftraSion^ 
which abfolutply require the recolleftion of paftciifcumftances j 
in age it Is fubjedt to the fame change as the preceding. 

Among animals, the elephant is particularly diftingullhed 
by the developement of this organ ; this animal alfo retains 
with the greateft accuracy thofe circumflances and adts which 
have a reference to itfelf. 

** Among men, we have found this organ, not only in 
thofe whofe memory of fadts and objedts was powerful, but 
alfo in thofe which might be denominated fyftematic beads, 
from arranging fadts in order, and hence forming concluiions ; 
in thofe who pofTefs a happy conception, and are dlAInguiflied 
by a defire of univerfal knowledge ; it even appears to us, 
that the operation of combining fadts with a view to obtain a 
refult, is one of the principal adtions of this organ ; at leafl 
the elephant, who keeps his trunk filled with wafer, for the 
purpofe of throwing it over the man who had offended him 
the night before, arranges a number of fadts, and draws from 
them a refult which is a true logical conclufion ; and we are 
not acquainted with any other organ in the elephant to which 
this adtion can be referred. 

** The automatic movement of the man who perceives that 
he has reafoned wrong feems to give cflcdt to Ihefe conjec- 
tures. He llrikes himfelf on the middle of the forehead.'’ 


18. Organ of Painting, Sanfe qf Colours, 

i 3 . Painting or The organ of the fenfe of colours, or of painting, occupies 
colo\jr8. osfrontis, above the orbit ; Gall has ob- 

ferved this organ in all painters of eminent talent. 

** Having been acquainted with this difeovery but a fhort 
time, we have not been able to collcdl many obfervations on 
it ; we have neverthelefs remarked it in fome individuals, and 
it is very apparent in the head of Raphael, in the National 
Mufeum, No.^37.'’ 


19. Senfeof 
numbers. 


19. Organ of the Senfe of Numbers. 

The organ which correfponds to the lower and exterior 
part of the osfrontis, near the zygomatic apophyiis of that 
Done, pofTefTes the fundlion of the fenfe of numbers; it exifts 
in men whofe memory is good with refpedl to numbers, and 
in arithmeticians who combine calculations with facility ; it 

exifis 
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extfts in a fpecies of magpie capable of counting as far as nine^ 
which is the only example known among animals. 

We have had an opportunity of noticing this organ on 
the head of a blind raan^ at the Quinze-Vingts^ remarkable 
for his arithmetical talents ; and Gall preferves the buds of 
many men which aflTord very indru6!ive examples/' 

20. Organ of the Mufical Serfe, ^ 

Above this organ is found that of mufical fenfe, or for ao. Mufic. 
(bunds. 

Ita61s in a manner fimilar to the other organs, produc- 
tively and reproduftively ; it gives the memory for founds ; it 
facilitates the new combinations of mufical compoiition ; it 
induces birds to (fng ; it adls upon tliofe who learn to fpeak, 
and in whom language is founded only upon this remembrance 
of founds. 

It is intircly wanting in animals which have; no mufical 
fenfe ; it is ftrongly developed in the parrot and the darling ; 
and thofe great muficians Gluck, Mozart, Haydn, Pleyel, 
furnifh us with driking examples. 

2 1 . Organ of Senfefor Mechanics. 

In the lateral and inferior part of the osfrontis is found the jj, Mechanics, 
organ of fenfe for mechanics. The beaver which forms its ^ 
habitation is eminently provided with it ; it exids in the field- 
moufe and in the birds which make their neds with much art; 
it is met with in men of mechanical talents, who condrudt ' 
with eafe any machine, who ufe their hands with dexterity, 
and who excel in the different arts which require manual la- 
bour. Though it may be difficult to judge of the exidence of 
this organ, wlien it is but (lightly developed, becaufe the 
temporo-maxillary mufcle covers this part of the cranium ; it 
U neverthelefs very apparent if the faculty exid in a fuperior 
degree, and it is then one of thofe organs refpeaing which 
there can be the lead doubt. 

22. Organ of Verbal Memory. 

In the interior of the orbit, at the bottom of the upper parf,,*. Verbal ai^. 
■ exifls the organ of verbal memory ; it may be noticed from its "wy. 
developement by the effeft it produces on the pofition of the 
ball of the eye, which it impel, forwards, and more or lefs , 
out of the orbit. 


Perfons 
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F^rfons provided with it eafily retain words by heart. GalU 
while young, remarked this faculty in feveral of his fchool- 
fellows, who excelled merely by this talent, and who were 
diftinguiflied by the protuberance of their eyes. This was tbe 
firfl; obfervation which afterwards led him to thefe inveftigA- 
tions. A number of fubfequent obfervations have efiablilhed 
the truth of its exiftence and of its funflion. 

23. Organ qf Sen/bfor Languages, 

Languages. The organ at the exterior and upper part of the orbit, is 
called by Gall, the organ of fenfe for languages. Its prefence 
has a coniiderable influence upon the pofition of the ball of 
the eye ; it puflies it downwards and towards the nofe, and 
increafes its diflance from the upper edge ''of the orbit ; it 
never exifls in animals, in whom the ball of the eye is di- 
rected more towards the exterior fide of the orbit. 

Diflinguiflied talents for the languages are invariably at- 
tended by its developement ; it is eminent in great philolo- 
gifls ; and though it may be diflicult to decide from external 
appearances, refpeCting its exiftence, we have neverthelefs 
remarked that it never efcaped the penetrating eye of Gall, 
and that he was never miftaken in this point. 

24. Organ of the Memory qf Perfons, 

94. Memory * The funClion of the organ at the upper internal part of the 
ofperfons. oj-yt, has not yet been difcovered by Gall ; neverthelefs many 
obfervations on man and animals, fuch as .the dog and the 
horfe, induced him to fuppofe it the organ of recollection of 
perfons. The developement of it, like that of the preceding, 
muft influence the pofition of the eye ; it fhould contribute to 
remove it from the upper edge of the orbit, and to pufh it to- 
wards the external fide, if an equal developement of the pre- 
ceding organ do not counterbalance its aClion. 

I 

25. Organ of Liberality, 

^15. Liberality. The organ of liberality is fituated in the anterior part of the 
osfrontis, above that of the fenfe of locality, and of the fenfe 
(8r painting (Nos. 16 and 18), and befide that of the mufical 
r fenfe (No. 20) ; its extreme developement is a concomitant 
of prodigality ; it it not to be found in the mifer ; in that cafe, 
, a hollow is formed in this part of the osfrontis. Gall is ia 
poflelfion of numerous examples. 


The 
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The proximity of the organ of mufic, and that of the 
fenfe for painting (Nos. 18 and 21) appear often to affift the 
developement of that of liberality ; this is perhaps one reaibn 
why we fo often find prodigality among men of eminent abili* 
ties in thefe fciences/^ 

We conftanlly obferve, that as a man becomes oldj he be« 
comes covetous ; thus in advanced age the diminution of this 
organ is To remarkable, that its place is frequently occupied 
by a cavity in the osfrvntis, which is fometimes of confider- 
able fize. 

26. Organ qf the Power qf comparing Things. 

The organ above the fenfe of things, in the middle of thea6. Compariog 
forehead, is deftined to a faculty which Gall calls thefpirit combining. 
comparifon (judicium comparativum). 

It forms an oblong eminence, and is found in men who 
avail themfelves eafily of figures and images in converfation ; 
who are not at a lofs for expreffions ; who narrate fluqptly ; 
and poflefs great eloquence. 

27. Organ of Metaph^ical Talent. 

When this organ is more developed towards the tides, fo Metaphy- 
as to form a round prominence, raifed in the middle of the 
forehead, it is the index of metaphyfical talent. Among the 
bufts of ancient philofophers, that of Socrates affords the moft * 
flriking example ; among modern philofophers remarked for 
this organ, I (ha|l only notice Kant as one of the moft cele- 
brated. 

Note, " I recollefl in one of my firft fchool-fellows, to 
whom we had given the name of philofopher on account of 
his attachment to the abftradl fciences ; that his forehead pre- 
fented a very vifible developement of this organ.^^ 

28. Organ qf the Talent for Ohfervation. 

The organ of the talent for obfervation fpreads over theiS. Obieivi^ 
whole of the anterior part of the osfrontis, and its develope-^®®* 
ment approaches more or lefs to the front of the vertical lige. 

It is found on the craniums of all the men of obfervation in iQI 
ages ; the celebrated phyfician Frank pofTefles it in an eminent 
degree^ and Gall himfelf is very evidently furnifhed with it. 

29. Organ 
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29. Organ qf the Talent for Satire, 

The organ of fatire and facetiournefs (vsitz of the Germans, 
•ait of the Englidi, facetiae of the Latins) correfponds with 
the frontal protuberance. Gall preferves many examples of 
the truth of this opinion, and we have uniformly found it 
true* 


30. Organ of Goodnefs, 

The organ of goodnefs is in the middle of the forehead, 
above that of comparifon (No. 26.) It forms that oblong ele-« 
vation which is conftantly found in the portraits of Chrift and 
of Mary, painted by Raphael and Correggio, and contributes 
much to that expreffion of mildnefs and goodnefs with which 
we are delighted ; it is always feen in the craniums of men 
naturally good, ^d is wanting in thofe of the mifchievous and 
vindictive *. ^ 

Among animals the roe-buck, the hind, the pigeon, &c. 
are provided with it ; on the contrary, animals of prey, fuch 
as the eagle, the darling, the tiger, the fox, &c. are without 
it ; in the latter cafe, the 0 $ frontis, indead pf being round 
and elevated, is deprefled and hollow. 

31. Organ of Mufic or of Theatrical TaknU 

« 

The very marked enlargement of the fummit of the 0 $ 
frontis, is owing to the developement of the organ for the re- 
prefentation of thoughts by aClions, the organ of mufic, or 
theatrical talent, 

** Gall has collected many obfervations to prove the truth 
of this opinion, nor will it be overlooked inattentively, con- 
fi dering the heads of the great performers at the different 
theatres of Paris.” 

Note, " We think we have alfo obferved that this organ is 
particularly developed in the deaf and dumb; and we attri- 
bute it to the neceifity fuch perfons arc under of aCling conti- 
nually, an exercife which neceffarily facilitates its advance- 

myit.” 

r 

* We are not here fpeaking of that goodhefs which is the refult 
of moral principles, that to which we allude exills as inftinCtf 
< without being the produce of moral reflcClions. 


32, Organ 
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32. Organ qf Tlieofophy. . 

The organ of theofophy occupies the moll elevated part of 3 ** Theofophy, 
the osfrontis. 

All the portraits of faints which have been preferved from 
former ages, afford very inftru 6 live examples, and if this cha- 
rader is wanting in any one of them, it will certainly be def- 
titute of expreflion. 

It is excejfively developed in religious fanatics, and in men 
who have become reclufe through fuperffition and religious 
notions. 

^ It is the feat of this organ, which according to Gall, has 
determined men to coniider their gods as above them in a more 
elevated part of Mie heavens. In fadt, when we confider this 
fQbje 6 t philofophically, there is no more reafon for fuppofing 
that God is placed above the world, than there is to fuppofe 
him below it. 

33. Organ qf Perfivaance. 

The lad of the organs hitherto difeovered by Gall, is that 33 . Perfeve- . 
^f perfeverance, of conftancy, of character ; it is fituated hi 
the anterior and fuperior part of the parietals in the middle of 
the head ; when it is in excefs it caufes obffinacy, but its de- 
feat produces inconftancy. 

** With regard to thofe parts of the (kull in which Gall has 
not yet difeovered organs, it is probable that his future invef- 
tigations will afford him the means of fuccefs ; on this fubjeft, 
the work which lie is about to publifli, will give us more am- 
ple details. It will alfo be for him to convince us, by arguments 
perhaps inconteffable, of the truth of his fyftem, the expoii- 
tion of which cannot be very fatisfadlory in a curfory outline.” 

We think it neceffary alfo to remark, that the organs here 
enumerated are not diffin 6 tly perceptible, except in indivi- 
duals who poflefs fome faculty in an eminent degree, and 
that it is not poffible to form a correct judgment of a moderate 
talent, on account of its organ being confounded among thofe 
which furround it. We fee no reafon, philofophically 
fpeaking, for the calumnies which have been lately throwni 
• upon, the fyftem of Gall, that it tends dire6ily to materialifm, • 

When we adroit of organs of the a 6 lion of the internal facul- 
ties, ‘the immeafurable fpace between mind and matter will • 

continue 
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continue the fame. ObjeQs of a nature fo unlike^ are in« 
capable of union. On the other hand, the will of man con- 
tinues unimpaired ; it is this which mud counterbalance the 
operation of the organs, morality ought to fubdue ,the paf« 
fions.'* 


BOJAMES, M.D. 


VII. 


Method of conveying Boats or Barges from a higher to a loxver 
Level, and the contrary, on Canals, by means of a Plunger, 
injlead qf lofing Water by Locks, By Lawson Huddle- 
ston, Efq, qf Shqfljbury, DorftL Commmicated by the In* 
ventor. 


Conftruftion of W HEREVER there is occafion to convey a commercial 

a lock for raifing bartje from a higher canal to a lower (ufually termed 

snd lOwcnnsE o o \ j 

boat*. ^ higher or lower line) or vice verf4, a lock muft be conftrufled 

of ftone or other fit materials in the fpace between the higher 
and lower canal, fo as to communicate at the ends with both 
of them. The dimenfions of the lock are to be as follow ; its 
horizontal fuperficies or area Ibould correfpond both in form 
and lize with that of the boat ilfelf, with the allowance of 
• fufficient room only for the boat to rife and fink freely within 
it; and its depth and height fliould be fuch that the water 
within it may rife with a loaded boat floating therein from the 
level of the lower to that of the higher canal : there mufi alfo 
be two (luices one at each end of the lock, large enough to 
admit ilie free ingrefs and egrefs of the boat, one of which 
muft be accommodated to the level of the higher canal, the 
other to that of the lower. 

Rcfcrvolr on one On one fide of the lock there muft be a refervoir of equal 
fide of the lock, height with that of the lock, the form of which may be rectan- 
gular or not (though the former may perhaps be the more con- 
venient) the area of which fliould be equal to, or rather in 
prafilice fomewhat exceeding, that of the lock. In this cafe 
yie perpendicular depth of the refervoir ftiould be equal to 
, double the intended rife or fall of the veflfel within the lock, 
but where the areas of the lock and refervoir are unequal this 
proportion varies : for as in all cafes the quantity of watei to 

4 be 
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jbe difplaced out of the*refeivoir into the lock muft bo e^al . 

in cubical content to that of the fpace within the lock between 
the furface of the lower line and that of the upperj it follows 
that if the area of the refervotr be greater than that of the 
lock the neceflary depth of the water to be difplaced will be 
fo much the lefs than in the cafe before ilated ; and e contra if 
the area of the refervoir be lefs than that of the lock the ne- 
ceflary depth of the water to be difplaced mufi be fo much 
the greater: fo that whether this proportional quantity of 
avater is to be obtained by the greater depth or the greater 
area of the refervoir^ is a point for the conflderation of the 
\artift. 

There muft be a communication fomewhere near the bottom and commsnf. 
between the lock and refer voir» that the water in each 
be always on a level ; which level may by means of &^e lower 
fluice always correfpond with that of the water in the lower 
canal, except during the adtual ofieration of railing or finking 
a boat within the lock. 

To the infide of the refervoir mufi be fitted a * folid body In which a 
or plunger, in fpecific gravity fomewhat exceeding water, ^ 

and of (uch a bulk and form as will exactly fill the whole of prefled* 
the refervoir, allowing only fuflScient room for the plunger to 
move freely up and down therein. 

Let us now fuppofe the refervoir to be 16 feet deep, and Method ofope« 
by means of the communication with the lower canal 
precifely half full of water. Let us alfo fuppofe the plunger the boat rifes and 
to be fo fufpended by machinery as to be movable up and *hc contrary, 
down within the refervoir, and to be barely above the furface 
of the water, when it, [the plunger] is at its greateft height* 

And now let us fuppole that a boat or barge is floated through 
the lower fluice into the lock. That fluice being now (hut, 
as well as the upper one (which was all along fuppofed to be 
fo) the plunger is let down to the bottom of the refervoir : by 
this operation though (he plunger be not in actual contact with 
the (ides of the refervoir, much lefs what is called water-tight, 

(a neceflary circumflance in the cafe of forcing-pumps, pif« 
tons, Szc.) the water in the refervoir will be forced into the 
lock, and thereby raife the boat or barge as much as Ihes 
.plunger finks, viz. 8 feet: in which fituation the water in the 

e At lead fo far folid as to outweigh its bulk In water* 


lock 
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Hydroftattc 

principle* 


The plunger is 
coiinterpoifed* 


General 

remarks* 


Advantages ol 
this lock* 


No machinery 
cicept to |he 
plunger j 


lock being now on a level with that in the upper cana^ thtl 
upper Huice may be raifed^ and the boat floated out* The 
plunger being ftill down, if a boat be floated into the lock froiA 
the upper canals let the upper fluice be (hut and the plunget 
be raifed^ and the boat will in like manner defcend in the 
lock to a level with the lower canal. 

It is obvious that the principle of this invention is 
founded on this law in hydroflatics^ viz. that two columns of 
water however different in lateral dimenfions, will, if there 
be a communication between them, always maintain one and 
the fame level. 

The plunger is to be counterpoifed by a weight acting on a 
fpiral curve (on the fame fliaft with the wheels or mechaniftn 
that raife the plunger) in order to accommoilate the a6lion of 
the counterpoife to the deereafing weight of the plunger as it 
defeends into the refervoir; fo that being counterpoijbd it may 
be eafily raifed or funk by means of the mechanical apparatus 
ufually employed for fuch purpofes, poffibly indeed this move- 
ment may alfb be efledied by means of a fire-engine, but the 
expedient^ of fuch means is not meant to be fuggefled* 

In theory the wall or partition common to both the lock 
and refervoir may not be neceffary, however ufeful it may be 
in practice* 

Should occaflon require it, the refervoir may be placed at 
any given diftance from the lock, provided there be a com- 
munication between them, at or near the bottom. 

Without fuggefling any precife limitation (which can be 
learned only from experience) the projector conceives that 
locks on this conflrudlion are better adapted to low or mode- 
rate lifts than to high ones ; boats ^Ifo of a moderate (ize (as 
recommended by Dr. Anderfon^nd Mr. Fulton) and fo con- 
Arudted as to exceed rather in depth than in length or breadth, 
feem beft adapted to the fcheme now propofed. 

On a comparifon then between this lock and others of a late 
invention, it is prefumed that wherever it may be expedient 
to ufe it, it will be attended with the following material ad- 
vantages. ^ 

/ I ft. The only machinery neceffary (the two fluices ex- 
cepted) in this lock, is for the purpofe of raifing and finking 
the plunger or plungers* 


2d* Whilft 
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. 2d. Whilft the machihery in other contrivances above al- to 

luded to, is either wholly or in part liable to injury from water, 
the machinery in this (the two fluices as be^e excepted)? is 
wholly exempt from this difadvantage. 

3d* Whilfl caiflbons, cofiers, &c. require not only the open* nor requiring 
ing of one or more fluices, but alfo a previous fitting or fitting*, 

jufting of their ends to the mouth of the canal to prevent the 
lofs of water, before the boat can enter the lock ; according 
to this plan, on the opening of a Angle fluice the boat floats 
at once into the Lock without lofs of water, and Arithout any No loO of water* 
fuch delay or difficulty : when I fay without lofs of water, it 
muft be underftood with this allowance, that if a boat goes 
down laden, and returns (or another goes up) unladeii, tlie 
upper level gaiq^ a body of water equal to the weight of the 
cargo, e contra the lower canal gains fimilarly if a boat goes 
down unladen and returns laden. 

4th. If the water in the upper canal at any time be ever ib water be 
abundant, no boat can pafs through the former locks but 
working the machinery ; whereas according to this plan the ma* not be ufed, 
cUnery may be at reft, and the boats pafs on as through the 
common gate locks, whenever the upper canal can afford the 
neceflary expence of water. 

Laftly. If at any time the machinery of any one lock of and therefore 
the former kind (out of the many that may be neceflary in a 
given length of canal) fliould happen to be difordered, the peded by any 
whole navigation is at a ftand, whereas in a lock of this con- 
flruflion in cafe of fuch an accident, the boats may flill pafs 
and repafs as through a common gate lock* 

Let us fuppofe a boat (or barge) to be 20 feet long, and fix Particular ftate- 
feet wide, and to draw three feet water. The folid fcontent^^^^^j^^linicn. 
will be 360 cubic feet* each of which , weighing about 62 
pounds, the burthen will be nearly 10 tons. 

Is it propofed to raife (or fink) this boat eight feet, by means 
of a plunger of equal area or horizontal fuperficies with that 
of the boat. 

The defcent of the plunger mufl in this cafe be equal to the 
afcent of the boat, viz. eight feet, and the height of the 
plunger mud (as in aU cafes) be equal to the fum of both, vizt^ 

16 feet; the folid content of the plunger therefore will be ^ 

1,920 cubic feet, amounting in weight to nearly bi tons. 

Let 
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Let US nowr ruppbfe that five fuch* plungers are joined (oge« 
tlier laterally, fo as to form anew plunger, of the fame bei|^» 
bet of twice the area and weight of the former. It is'plaiil 
that this new plunger (moving in a refervoir adapted to its 
dimeniions) will by defeending four feet, raife the boat in the 
lock as much as the other by defeending eight feet, viz. eight 
feet : — and the momenta (confiding of weight multiplied 
velocity) of both thefe plungers will be equal, becaufeilll 
produ^ of 53 [tons] multiplied by eight [the velocity] equals 
the product of 106 [tons] multiplied by four [the velocity] 
each amounting to 424. 

But it will be found that, as in all cafes the height of the 
plunger is equal to the fum of its own defeent added to that 
of the boat^s afeent, the height of this new^plunger, inftead 
of amounting to 16 feet, will only amount to 12 : its weight 
therefore will be only tons, and its momentum $18 : it 
will tberafore require fo much the lefs time or labour to work 
it, in the ratio of 318 to 424, or three to four. Qu, Would 
not this obje6tion arifing from the necefiity of having ftronger 
machinery to fupport this latter plunger, be counterbalanced 
by the advantage of working it with fo great a faving of labour 
and time ? 

Should it be apprehended that, notwithftanding the forcing 
effedt of the plunger, the water in the refervoir may gradually 
depofit fuch a quantity of fediment at the bottom as to obfiru^ 
the defeent of the plunger, it is obvious, that there may be a 
depending drain under the refervoir to be opened occafionally, 
or the bottom of the refervoir itfelf may be fo much below the 
lowed point of the plunger^s defeent, as to render the cleanfing 
it very feldotn neceffary 

It remains to be obferved, that as every canal ought to be 
fo well provided with water as to allow oifomc wafle (though 
not enough perhaps to fupply the lofs of a lock-fall with every 
boat that paflps) the machinery of the lock may be worked 
thereby, without the mechanical aid commonly employed for 
fuch purpofes; for if the plunger preponderates over 4he re- 
Tiding mediuiB, and counterpoife barely enough to overcome 

i 

# 

* The impetus with which the water could nifli out of the refers 
voir into the lock, by the aBion of the plunger, could probEbl/ 
raife and force out any fediment, except ftones or gravel* 

the 
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tfco ^dion of the axuu &c, it will at all timeodofcenci flowljT 
within the refervoir, and raift the boat, when left at libort/ 

' fo to do 5 and if inftead of being allowed to defcend the whole 

eight feet lequired, it be ftopt after having defeended feven 
fcet,^ the admilSon of one foot depth of water from the upper 
line into the lock# may be fufficient to raife the plunger again 
with the lofs of only |th part of a lock-fall of water. ^ 

Plate XII. Fig. 1. Exhibits a perfpedtive view of a model View of the 
of the apparatus above deferibed, having part of the front W"**®** 
taken away in order to (hew the interior parts. 

^ A. Reprefents the upper fluice of the lock. 

B. The lower fluice. 

C. The plunger. 

D. The fnail upon which the weight or chain is wound that 
carries the counterpoife. 
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An eqfy Method of Churning Butter* By Cix. Jumilhac, 

Prefident qf the Society of Agriculture, qf the Seine and tht 

OiJh\ 

increafe the powers of man, is one of the attributes of 
mechanics, but in order that a mechanical contrivance may be * 
truly ufeful, it is requifite that it it (hould be fimple and cheap. 
That which 1 now offer to (he fociety, appears to me to unite 
thefe two advantages. 

It is univerfally known, that in great heats and extremely 
cold weather it is difficult to churn butter. The labour of 
feveral perfons fucceflively, is often applied without any 
fuccefs, to procure the perfedt coagulation of the cream. 
In vain during the rigour of winter, the cream is placed by 
the Are, or mixed with milk quite frefh and yet warm ; and it 
is with as little fuccefs, that in fummer the churn ftaff is occa- 
fionally immerfed in cold water. All thefe means though of 
value, are infufficient if not feconded by celerity of motion in 
the a6t of churning. 

Surprifed at the flown^s with which butter Is formed, efpe- 
cially in winter, and after having continued the operation for 

® Sonini's Bibliotheque Phyf. Oeconomique, No. 1. 
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five lioun^ and a ha1f« I thought 1 faw that the diffiealty 
from the aukwardnef^ and conftraint of the arm that hcMis ibe 
churn liaff; both which are increafed in proportion as the 
cream becomes thicker, as it is then necedary to make a greater 
exertion to raife and deprefs the churn ftaff. This obfervation 
is fo true, that a perfon who has churned butter for half an 
hour at the beginning, without experiencing any &tigue, can<- 
not perform the fame work for the fpace of ten minutes after 
the cream has become thick and offers idore refiftance. 

Convinced that every interruption, or even diminution of 
fpeed, are highly injurious to the butyraceous coagulation, 1 
thought that, without altering either the churn or churn ftafft 
I could adopt a nfethod which is already ufec^in feveral other 
operations. Some members of the fociety think they have al- 
ready feen this application to the churn ftaff, but not finding 
it mentioned in any book, I have prefumed, that the fociety 
will not obje6t to make it fufficiently public, in order that it 
may be adopted in all dairies. 

Nothing more is required than to fi:^ to one of the beams of 
the ceiling, a pole three yards long, fupported at the diftance 
of two feet by a crofs piece, and itfelf faftened at the end by 
two blocks or cleats nailed to the timbers. This pole may be 
about three inches or more In diameter at the upper part, and 

• half that thicknefs at the lower or moveable end. At the end 
of the pole is tied a firong cord, which is pafTed through a 
hole made near the top of the churn ftaff, which is fo faftened 
and placed, that it continues fufpended in the middle of the 
churn. 

When the churn ftaff.thus fitted up is prefled downward, it 
enters eaftly into the cream ; but the pole acting as a lever by 
its elafticity, raifes it immediately ; this eafes the arms, for 
the moment of the greateft exertion is when you are obliged 
to raife them as high as the forehead to difengage the churn 
ftaff, and immediately force it down again. 

Even if this method contributed only to diminifli the prin- 
cipal part of the aukwardnefs and conftraint^ it would be a 
geeat advantage : but I fliould think this but trifling und in- 
dompleat if the contra6tion of the arm were not remedied. 
After having conftdered what powers are jointly employed to 
produce the effedl, I concluded that the pofition of the arm 

• ought not to be ncglcAed during this long operation ; and 

feeking 
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feeidng' by tHals for the leaft pathful, I determined in favour 
of that in which the fore arm is employed in the whole mo-^ 
tion^ 

I therefore perforated the handle of the churn liaff about 
twelve inches below the hole through which the cord paflhs 
that fufpends it to the poi(e, and I there fafloned two fmall 
handles of wood of about two centimetres each, which are 
failened together by an iron pin ; fo that the handle of the 
churn fiaflT refembles a crofs* The perfon who chums places 
his hands on the two handles, and by a fimple pteflure, which 
is fo light, that two fingers are fufficient to force the churn 
Aaff to the bottom of the churn, he may chum for two hours 
without experiencing any real fatigue. For the motion of the 
elevation which alone demands the greateft exertion, is per* 
formed by the lever of the poIe« 

I made ufe of alder wood for the pole, as one of the moft 
elaftic and leafi likely to warp. 

We fee from this defcription, 

1. How little it cods to eilablifh the mechanical help, which 
only contids in a pole of alder wood of three yards long, and 
two fmall wooden handles adapted to the churn AatF. 

2. How greatly it affids and increafes the power of the 
perfon who churns, by obviating tlie mod painful movement, 
by placing the hands naturally, fo as to require the motion of* 
the fore arm only, which is evidently die lead fatiguing. 

I am convinced by die refult of condant practice, that one 
third of the time is faved which is ufoally employed in making 
butter. 


IX. 

Defcription of a Machine for rooting up the Stumps of Trees^ 

Bji CiT. Saint Victor, Member of the Society qfAgricuIr* 
ture, for the Department qf' the Seine*. 

!EiV£K Y cultivator is well aware how detrimental the dumps inconvealeaeisa 
of trees are which remain in the ground, which 
being rooted up at the time they were cut down, have qm 

fawed off clofe to the dump, to fave the expence of digging trunk, 
them out of the earth. 

* Bibliothcquc Phyf. Occonomique, dc Soninl, No. 1. 
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laftance* In an efiate in Savoy, I was fubjeflad to thefe "inoonV^* 

niences, from the avarice of the proprietor who had Mted a 
great number of large trees, and (kwed them off clofe to the 
roots, thefe were oaks, walnuts, and cbefniits, which grew 
in the meadows and ploughed grounds, and he difpofed of 
them as timber in planks and fife wood, without talking any 
care to have them rooted up at the fame time, which would 
have been then more eafy, by the common praQice of ufing 
the trunk as a lever. 

Attempt to blow When I Came into pofleflion of this eilate, I forefaw that I 
gunj^wde**/ could by no means avoid rooting up a great number of (lumps 
that were very injurious to every kind of cultivation ; and to 
avoid the long, troubicibme, and expenlive labour of digging 
great trenches, which are ufually required to be made, in 
order to bring up the fort of roots, I thought I might em- 
ploy the (bree of gunpowder. This attempt perfeftly fuc- 
ceeded, by means of a little machine of iron I had forged, of 
which I here join a plan, feflion, and perfpeftiv&view, which 
iliews the manner of placing it beneath the flump 

Defeription of the Machine* 

Machine for It confifls of a bar of forged iron, about two feet eight 

wots of Sees** inches long, one inch thick towards the handle, and of twt> 

* « inches towards the breech or platform. 

It is a fmall The platform which is circular, is 14 inches in diameter. 

mortar with a This platform ferves as the bafe of the chamber, or furnace 

plug and handle* /. * 

of the mine, which is three inches in diameter, and three inches 
eight lines in the length of its bore. 

* The ufe of this ingenious machine ought not to be confined 
merely to the ftumps of trees in our fields. Licentioufnefs and 
avarice within the laft five years, have deprived our country of a 
quantity of woods and thickets, and degraded by immenfe fellings, 
our nobleft forefts, the incalculable fource of riches for the prefent, 
and hope for future time. Whether thefe fpaces thus impoverilbed 
be converted into arable ground or paflure, or whether the imperi- 
ous neccifity or claims of pofterity (hould require that they fhould 
be planted with trees, the invention of Cit. Saint Vi Aor, will 
be a moll ufeful application to eradicate from the ground thofe roots • 
which would deprive us of a part of its product. 

Note of the eiitor* 

Thu 




The fiopper or tampion which ferves as a plug to the mine, 
is of the fame diameter, to enter within after a flight paper or 
wadding. It is attached by a chain to the gun or mortar, 
which latl is eight inches in diamdter. 

About two inches above is added a fmall touch hole and 
pan. The^hole is directed in an angle of 45 degrees, and is 
primed with powder to communicate with the charge with 
which the chamber is filled up to the ftopper. 

This engine may be call even with more facility in brafs or 
bronae, and in this cafe, it muft be a little thicker in all its 
dimenflons, in order to afford a reflftance equal to that of the 
forged iron. 

^ Ufe of the Machine^ 

When the machine is charged with powder, a fmall excava- Applicstio}i 
tion is made with a pick axe, in the center of the flump. 
machine is then placed In it, fo that the plug immediately to be blown up. 
touches the wood. Care mufl be taken to fill all the vacan- 
cies, either with flones, or pieces of iron, or wood, more 
efpecially beneath the platform of the machine, in order that 
the explofion of the powder may have its full effeA on the 
flump, of which if neceflfary, the principal roots (hould firfl 
be cut, if any appear on the fur&ce of the ground near the 
flump, that is to be eradicated. 

When the machine is firmly fixed in its place, the priming* 
is put into the pan, a flow match applied, the length of which 
is fufficient to allow time to retire to a proper diflance from 
the explofion. 

By infpedtion of the plan and fefition, every one will per- 
ceive the utility of this fimple machine, and it may eafily be 
made by any intelligent fmith. 

A. Plate Xlll. Fig. 1. Plan of the machine of about two Delmeatioa and 
feet three inches long. 

B. Plan of the machine, 10 inches high,* comprehending 
the plug. 

o. The plug with its cap faflened to the chain. 

b. The chamber for the pQwder. 

C. The touch hole. 

The middle figure reprefents the machine placed under the 
flump of a tree 


* Mr. Knight, ironmonger, of Fofler Lane, has contrived a 
fimple apparatus for fplitting blocks of wood with gunpowder, of 
xrhich the defeription will be given in our next.— 'N. 
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Method qf Secret Writing, by means qf a Stegomgraphk Sctde* 
By J. B. Beuard 

An infinite variety of methods of fteganography or inde# 
cipherable writing has been devifed j of thefe, fome are de- 
feflive in theory^ and others inconvenient in practice. It is 
not my intention to difcufs the advantages or inconveniences 
pf all thofe which are known^ it would lead me too far, I 
fliall therefore confine myfelf to noticing a few of the principal 
ones. 

Alphabets of convention afford but little fecurity 5 the cha* 
rafters which perform the funftions of vowels and confonants, 
recur in fuch iitaations, as to make their ufe very apparent ; 
and it is afeertained^ that by patience and a little ikill the fecret 
is eafily difeovered. 

The fympathetic inks^ feven in number, are not more fafci 
becaufe after feveral trials, tliat re-agent which renders the 
writing legible, is at length difeovered. 

Thofe methods which depend on folding the paper in a par« 
ticular manner, as was' praflifed by the Spartans, are inconve? 
‘nient, and afford but little defence againft curioiity. 

The method of Kircher, though fufficicntly certain in its 
principle, is of little value in praftice ; betides which, its per* 
formance is both tedious and inconvenient : a point wrong 
placed or omitted, is fufficient to render the fecret unintelligible 
to the correfpondent. 

In the tixth number of iha Journal de VEcole Polytechmqtfe, 
p. 382 , is a tabled in which Cit. Uaffenfratz has claffed all 
the modes of correfpondence, whether by writing or other-# 
wife. That wUcb I have devifed, is as follows ; it will per- 
haps be found to poffefs the double merit of fimplicity aud 
fecurity f. , 

, * s 

^ Melanges Phyfico«Mathematique. 

t This method has been made ufe of for the private'dorrefpen* 
dence of Cit. Foifait, minifter of the marinci and the colonies, and 
prefident of the lyeeum of arts. ' There is no ktconvenieBce in 
mentloiuiig the faft$ fye the advantage of a good^nmthod confifta 
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a rule pf pftftpbotrd^ wood^ dvory; ot coppcf# about ifew method by 
pnO iUch broad and fevcn inchei long, divide its edge into 30 * 

[equal |»rt8, and between the dtvffions write the iirfl; thirty 
natural numbers, from 1 to SOineliifive, in any arbitrary order. 

The following is the manner of ufing this role. 

, Operation Jbr miUng. Fifft make a minute or outline of the '^he pmeeft. 
feerct you wi(h fend, then jflace the rule or Aeganogfaphic*^^ 
fcale on the paper intended for the fecret, and mark the two 
ends of the rule by two f ^all lines of ink# the reafon of which 
will be feen below. 

This being done, tranferibe the thirty letters of the mi- 
nute, writing the firA letter oppofite to the figure 1, on tlie 
rule, the fecona oppofite to the figure 2, the third oppofite to 
the figure 3, and (b on to the end. 

Bring down the rule and tranferibe in a fimilar manner, 
oppofite to the figures, the next thirty letters of the feaet, 
that is to fay, from the thirty-firfi to the fixtieth inclufive. 

Continue thus tranferibing in new lines, each confifiing of 
thirty letters, until the whole fecret is written. 

The punAuation muA be carefully inferted to the right of 
that letter which is on its left in the minute, and a mark like 
this -}- muA be placed above the laA letter of each word, to 
diftinguiAi it from that vhich follows, and thus render the 
reading eafy to the cCitP^pcident, 

Operation of the cornfp^JerU. The correfpondent who re- To decypher, 
ceives the fecret wit! ^e letters thus mifplaced, will be able 
to tranferibe it, and replace the letters in their proper order, 
by xnverfing the preceding operation. 

For this purpofe, he muA be provided with a rule fimilar to 
that made ufe of for deranging the letters of the fecret. He 
will plap it on *6 firA line, fo that the letters correfpond 
with the figures on toe rule. This will be eafiiy accompHAied 
by means ot the wo lines of ink which mark the ends of the 
rule. 

It will then be eafy for him to tranferibe the letters of the 
fecret in their proper order, beginning with that oppofite to 

t 

ia Its capability of btiugen^loyedby all the world, without dim!- 
nifiiing its lecrecy for each indlviduid I it will be feen that, in this 
plan, it is the l^ret of the feries agreed on, and not that of the 
method, which renders the conefpoadeixce fafe. 
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figure next that oppofite to figure 2, andib on to^irtj^ 
he will then bring dpwn the rule« and proceed in the famf 
manner with the fucceeding line^. 

Example* Exftmpk, Suppofe this to be the fecret to be fent« 

Uefcaire meiira i la voile au premier xnent favorable; ellefi 
rendra d Toulon, obje lui enverrai des ordrea uUirieura. 

Suppofe the feries of the fcale employed fliould be this^ 

2. 4.6. 8. 10. 12. 14. ] 6. 18. 20. 22. 24. 26.28.30.1.3.^.7. 


9. J 1. 13. 15. 17. 19. 21 . 23. 25. 27. 29, 

The anagrammatic writing or tranfpofition of the fecret» 
will be ; 

+ + . + + + + 

leede e ta Iv i e u r meUs a r mtrd ^ ol ape il 

+ + + + + + 

Ivnfv rbe; le e ed aTure ta oale 1 srnr^io‘1 

+ + + + + + + 

loojl i ne ri c o^de utln. ile uevr adsrrs ll 

Irer dius. 1 


Ohfercations, 

The comblna- 1 • If we wifi) to form a notion of the fecurity of this me- 
cyl^hcwdin^onc confider w'faat a geometer muft do who undertakes 

finglc line, arc to explain the fecret. 

S*mUUons''”* Every line contains a number of combinations, exprefled by 

* the product of the numbers 1 . 2. 3 to 30. that is to fay, 

' a number exprefled by 263 followed by 30 cyphers. This 
number of anagrams is equal to that of the grains of fand which 
would encircle the whole world, fuppoiing each grain to be 
lefs than one hundredth of an inch in diameter. This, with- 
out doubt, is more than fuflficient to difeourage the moft per- 
fevering Newton, and it muft be acknowledged that thtf dif- 
ficulty may be confidered as an abfolute impoilibility. 
and they are But this is not all, after the labour of a multitude of ages, 
Stogsthcr!^^ this geometer would be no farther advanced ; for among the 
infinity of combinations produced from the thirty letters of 
one line of the fecret, he would find an innumerable mul- 
titude that might yield a rational meaning, and by what 
means would he be able to difeover which of them the author 
cf the fecret had in view ? In fhort, what moft be the diffi* 
c culty where it becomes neceflfary thus to combine dl the lines 
of the fecret at the fame time? Here the imagination is lofl.^ 
This me&od isc 2. In the event of many correfpondents, k would be eafy 
adapted to greater fecurity to agree upon a dtflfereiit feries with 

fefpondents. if the fcale is made of pafleboard, it may be marked 

with 
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Vfiih ficmr feriei^ tndmfty fin^ve (or fm oorr^pondinitf : H it 
ke <rf ivory^ tiio feries nay bo cbai^ al {»iea^re» kj w^itiof 
the figures with a pencil : the ibale i^ay even te eonpofed of 
thirty fmatl detacbed moveable pieces of brnfs flipped upon a 
flat iron ro<f| and fecured wilh a not at diio trf* its ends. 

3. It may be eafily conceivedj that the principles of permu- 9^^^^ permata* 
tation may be varied to infinity, for inflance, by changing only 

the order of the (yiiablet, the word*, or the lines. The above 
method on whieb 1 “have fixed, appears to be at once eafy, 
certain, end concifo, and to require the fimpleft apparatus. 

4. If it be defired to conceal even the appearance of a fe* 
cret, the method above defcrtbed may be employed to write 
with one of thdTympathetic inks, at the end of an oftenfible 
fulled. 

5. Another method. Havi|^ divided the paper into 100 or Another methoa 
200 fquares, write in each a letter, a fyllable, or a word of the'*^ 

fecrel, and alfo one of the numbers of the concerted feries : 
feparate and mix the fquarea ; the correfpondent will only be 
required to replace them in their ordm: by means of the figures 
of the feries. . 

For the greater fecurity, the edges of the fquares (hould be 
pared to deflroy the connedlion of the adjoining tides. 

* 6. Method of intereahditm. Draw on pafleboard, fome pa*- mother by 
rallel divifions about half an inch afunder, pierce them 
holes, either equal or unequal, of an arbitrary fize, and at any 
diftance from each other : lay the pafleboard on the paper, 
and write the fecret by infertingfucceffively from left to right, 

-a lettm^, fyllable, or word in each vacancy : remove tbepafle 
board and fill up the intervals with infignilicant letters i or it 
wifi be better, if time permit, that the letters^ (liould form With 
thofe of the fecrel, a reafonable meaning, not liable to beefof- 
pe6led. 

The correfpopdent will eafily read the fecret through boles 
in a fimilar pafleboard. > 

The infertion of unmeaning letters may be avoided by ufing 
three or four pafleboards of equal fize, but fo pierced, that 
when they are laid on each other, all the holes will be clofd^ 

By writing throu^ each Of tbefe in fucceflion, aU the lines 
will be filled^ The correfpondent muft be provided with fimi* 
hr pafleboards, and will read the fecret through them by ap« 
plying flmm fuocetGvely to the writwg. 



This 
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Tbti iBCthod » fhorMr ftan thtit of tho mgMiun^ iftolo, 
md Is preferable wfien there it medi to wrfto; bot ft it left 
fecore, and requires a more complicated apparatus. 


XI. 

qf a Afe^axm Pi0ol, w^ckvAmhaMit-tt^iabkqf 
being t^iAargei Nine rimes ihrag^ tbejime Barret. 

W. N. - 

Accottnt of ft I AM indebted to the libenJtty of the Ri|^t HonoumUe Lofd 

magstiaepiftolo Camelford for the accurate drawings of tbe'c^rious andvalii* 
able piece which forms the fubjed of the prefent MemotTp.a^ 
wsell as for permiflion to ofe and examine it in any manner I 
might think proper. It is of German make ; the workman** 
fliip very good> and it has been ufed by his Lordfiiip withoat 
any particular care in various parts of the world. Its con* 
ilrufiron does, in effe&g fiiew that its ufe is attended with 
neither danger nor uncertainty ; but I (hall poflpone my re* 
marks till I have given the jlefcription. 

0cfcriptlon by Figs. 1 and 4 in the liatea XIVo and XV. exhibit views of 
^ ^ piftol. Fig. 5, is a feflion to fliew the 

* magamnes, and Figs, 2. and 5. (hew what may be called the 
chamber piece. The large face of this lail (Fig. 2.) is Sightly 
taper or conical from X towards Y, where the diameter is final- 
kii, and the fmall part fi is cylindrical, excepting that a por- 
tion is fcooped out on one fide marked by the dark fpace D 
in Fig. 3% Its proper place in the piftol is in the breech, 
croffing the line of direQion at right angles. When the lock 
is off, k goes into its cell from the fide Fig. 1. which it fits 
with confiderable accuracy, but does not come to rub hard, 
becaufe the Plate X forms a projefiing face whioh flops it. 
In this fituation its fmall cylindrical part B pro)e£ts outwards, 
and is reoeived in an bole of the fame diameter in that part of 
the lock beneath (be hammer where (he pan is ufually placed. 
|h faQ, the cavity D, Fig« 3. does confiitute the pan when 
its pofitioii is facb as to be immndiattly beneath the 
face of the hammer. The fcrew B wiueh goes, info the cy- 
^ lindricai piece^ and Z, which goes into foe flock, are foe 
faftenings by which the lock is fecured. At the oppofite epd 

A, 



A, tig* 2. OMKimkmpkce ten^natis in a fqfim, a|Km 
whicb (he broad head of the lever L, FSg. 4. k fitted, 
kept down by the Icrew A, which goes into the chamber ceiSon by eaei 
piece. It is to be underfiood that the cock and hammer are *hsi|k^ti 
confini6ied, and aA in the fame manner as in the belt (ire 
arms, and do not ^therefore require to be defcribed. The 
lever is capable of being moved from the pofition M to tbofe 
of L and N i but Is prevented from defcribing the remaining 
part of the circle by an interior ftop, which may be eafily ima- 
gined without any attempt at minute explanation* 

Fig, 5, being a feAion through the middle of the (lock, 
breech, and part ^ (be barrel, fliews the relative fituation of 
the magazines, with (be chamber piece, and other parts, llm 
bails S, 2, S, 4, &c. are lodged in their proper receptacle, 
being put In through the hole R, Fig, 4. and the powddr is 
lodged in its magazine Q Q, both which are clofed by the 
door T, which is then &ftened by a fmall bolt and back fpring. 

A, Fig, 5. (hews the iituation of the chamber piece at the 
time when the lever is brought to die pofitioh M. This is 
done with the muzzle of the piece pointing towslirds the 
ground, and the efieA is, that powder runs into the chamber 
P (fee^lfo Figs. 2 and 3) and a ball into the chambers. The 
lever is then moved from M to L and N, by which procels 
the ball chamber drops its ball into the barrel as it pades op^ 
pofite to N, where the ball remains, becaufe the aAual bore 
of the fcrew barrel is not wide enough to allow it to pafs fiir- 
ther than jufi to clear the moveable chamber. As foon as the 
lever has arrived at the pofition N, the powder chamber P is 
exaAly oppofite the ball, and ready to be difcharged agaitift 
it. After the difcharge the muzzle is to be again depreflbd, 
and the lever moved from N to M : the chambers becOOie 
again charged with powder and ball ; and by returning the 
lever back to N, this bail and powder become duly placed^ 
fi>r a fecond difcharge. It is obvious that thefe dtfcharges may 
be repeated until all the balls have been fired out. The fmall 
bridge in the powder cbamber P (Fig. 2.) is to prevent anv 
impediment from the entrance of paH of one of the balls int% 
the receptacle, and the perforations W, W, in the breech, 
ferve to dear the furfaoe of (he dnuabdr piece frdm any fouK 
it might acquire^ 

Thus 
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Pffciiptlon of a Thus f$x we have fpoken only of loading and difcihtMT^ng; 

this piece would admit of little rapidity of effe^ if it did 
fttcceiTion by not at the fame time cock and prime itfelf. It may be ob» 
•nco chargiAf. ferved, that the projeAing part, or ftud C, is fixed to the 
chamber piece Fig* 2. and 3. a very little behind the Ibol 
chamber ; fo that it ftands at the top of the lock at the time 
of charging. A thin flat bar of iron proceeds from the cock, 
and Aides with it along the face of the lock plate, wilhinfide 
the hammer : againft this plate the flud C a6ts, and brings it 
to full cock a little before the lever arrives at the pofition M ; 
at the fame time that the more prominent part of C prefles on 
the back of the hammer, and (hi\jts the pan« t The lock is there- 
fore put into the condition to give fire by the fame Ample ope- 
ration, and precifely at the fame moment as the charge is 
taken from the magazines. 

It now remains only to be fliewn how the priming is given. 
The excavation D in the fide of the fmall cylinder B, Fig. 3. 
confiitutes the pan, and the fmall dot reprefents the touch 
liole pafling through the metal into P the powder chamber. 
When the lever is in the pofition M, Fig. 4, the cavity D is 
exactly placed beneath the covering face of the hammer G : 
but at the time of charging it has the pofition Fig. 3. eonfi-^ 
dered with regard to that of Fig. 1 . In this lafi figure the 
dark fliaded fpace H denotes a refervoir for priming, the door 
of which may be opened and Amt under the aAion of an inge- 
nious back fpring, operating nearly like that of a clafp knife. 
A long perforation or Ait communicates from this refervoir to 
the fpace in which the cylinder B revolves : fo that when the 
excavation D paAes that Ait (during the return of the lever) 
it becomes filled with powder, which it carries round to the 
lafi pofition, which is exadly that in which it muft receive the 
fire whenever thepifiol is to be difcharged. 

The hiftory of this confirudion feems to be imperfed ; but 
there is reafon to fuppofe that it is of fome antiquity. The 
magazipe air gun of Colbe confiruAed for carrying ten balls, 
and lodging them fucceAively in the barrel by a crofs cylin- 
^*icat piece was made early in the laft century, and is ddfcribed 
in Defagulter^s Ledures, and moil dementajry bo(dts.< In the 
prefent arm the contrivances are highly judicious, as well 
with regard to mechanifm as to arrangement. }f it were 
poAible for the powder magazine to be on fire at the dif- 

tance 
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tanee of a femi^cklpaiiifeionce of the chamber piece from the PtftrS|eoii«f k 
explofion, Ae oii|f eSe£k woaI4 be that it^e door would be 
blown open, and this is fituated in a place where it could do ccISimi ky ma 
no barm* The frme remark is aUb applicable to the magao«i^"I^t>a* 
zine for priming. 

How greet the advantages mud be in battle^ for a man to 
be able to reload his piece by a fimple movement of one fe* 
cond of time, without taking hts eye off his enemy j or how 
confiderably ufeful this invention might prove in the defence 
againd robbers need not be dated. It can indeed be dated^ 
that the opponent may alfo provide himfelf with the like adU 
vantage ; and then we have only to urge the argument, that 
the duration of w|fs have been diminifhed, and its humanity 
diminifhed by rendering the means of annoyance more perfeQ. 

I have difcbarged this courfe of balls feveral times, and I 
find that the whole nine balls can be firpd in 30 feconds. 


XIL 


On the Dijfemnation of Plants. By Cit. L. Reyvibe 

The hidory of vegetables affords fome fafls to which I Diflemination of 
think it my duty to call the attention of naturalids ; they relate 
to the diflemination of plants, and to the means by which this 
is effeded. I have already colle^ed feveral obfervations on 
this fubjefi in the diSionary of Agriculture of VEncychpUit 
MSthodique, article DiJfeminaJtion. 

There are two natural means of reproduftion : one of thefe by thefpresaing 
is by the roots, which, fpreading ’ outwards, form new ftems 
round the mother plant ; this reprodudion is flow, and can 
only take place gradually and without intervals ; the other is or trafifportation 
by the feeds, which being carried by the winds, or by 
hooks with which they are provided, or by animals which 
fwallovv them, and afterwards depofit them, unchanged, in 
their excrements, are removed to greater didances, though 
dill within a limited circle. It is not therefore wbnderful, 4o 
fee a plant fpring up in a fpoti where the fiuiie fpecies & 

Jrnowji to e^ld at no great didance ; its introduAioa if in the 
clafs of poflibiiities. 

a Decade Philofophlque, Nq, 13. Aa* XI* 

But 
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But that Which ought to eatcUe our attekitHuii tl pro* 
dttflfkm of a new vegetation in a place which has vluderg^^ 
ff&und tt dif- fome very great changes. In all cafes when the jTur&ce of a 
ttttbcd. place has been altered either by the felling or removal of thO 
earthy by opening roads tiuough forefts^ or by draining marlhes, 
plants are fare to be found in the following year^ which did 
not exift there before, while the former fpecies difappeir, ex- 
cept a few cofmopolites, if the expreffion may be allowed, 
which, though they re-appear, uiylergo a remarkable altera- 
tion (DiSt. d*A^r, de VEncycl, metL art. Climat.) When a 
wood is grubbed up, the forefl plants ceafe to grow, and thole 
natural to tilled ground immediately germinate. Labat no- 
tices (fee Vol. L p. 386.) that, in bis tiiife, at the Antilles, 
as foon as the ground was cleared, its furfaee became covered 
with purflane. In thofe places where charcoal is made, in 
forelts at a great difiance from any habitation, I daily obfefve 
plants, different from thole which were formerly there, and 
which are natives either of dry pafiures or cultivated lands, 
fuch as the (vergerette) of Canada, the annual veronicas, &c. 
Forfter, In bis voyages with Cook, took notice of feveral iflets 
in the middle of the fea, fimply rocks of coral, on which the 
firll rudiments of vegetation were forming. In the low val- 
leyrof the downs of Holland, I have gathered a fatyrion and 
an ophrys, natives of the fummits of the Alps and the plains 
of Spitsbergen (Saiyrium viride, L. Ophrys monorchis, L,) 
But thefe downs, according to the obfervations of Cit, D^can- 
dolle, (A?m, d*Agr, T. XI JL p. 372.) are not of very ancient 
Are thefe pro- origin. How is the introduflion of thefe two plants, which 
toon or^feeds of o®lurally provided with very limited means of multiplica- 
other plaacs. ^^on, to be accounted for? I have exprelTed awilhinthe 
Encyclopedie, that the new illands formed by volcanos, and 
particularly thofe near Santorini (hould be examined. One of 
our moft accurate obfervers is on the point of viliting the lat- 
ter, (See d' Olivier, T. II. p. 238;. The new one produced 
by the eruption of 1707 to 1711, does not yetlhewjuiy ap- 
pearance ^ vegetation, the air is fiill snephitic ; that which 
ocofe in 1573 l»s feme traces of vegetatiefn, particiilgrly feme 
f^rafles, and a fmall fig tree ; the latter may have beOii dep6- 
fited by feme bird, but by what means were the grUfes con- 
veyed? 


4 


It 
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It U tow whi^h are biiiried to • oeito!i| depth will Cwi 4 &• (Wi 

be prefcrved for a great length of tinie* and b^ng aAerwaids ^ 

fubmitted by culture to the adton of the light and water, 
germinate. But is it to be preAimed, d^at the foedt of per- 
flane wer^ prcferved in the earth of the Antilles, during the 
many ages the forefts had endured before they were deiiroyed ? 

Is it probable that, in the forefts of Gaul, wbofe antiquity is 
w^Il afcertained, the feeds of thofe planU, which appeared 
after they were rooted up, or after facing a charcoal fornace 
in them, fliould have b^a preferved found from before the 
exiftence of the forefts ? The diflbmination of plants has ne* 
ceflary limits ; beyond thefe, we muft have recourfe to other 
explanations. 

Laftly, the plants of the clafs erypt<^mia, and particularly Fsai refpcftiAf 
fungi, whole form is conftantly determined by the nature of 
the fubftance on which they grow, and it con^ntly the fame 
in fimilar circumftances, although they do not appear at flated 
feafons like other veget^es, alfo prefent new &ds. It it not 
long fince Cit. Ventenat obferved a boleta of a peculiar new 
(hape, which was produced on a human body. I have noticed 
the clavaria, which is conftantly formed on the oryfalides of 
caterpillars (Journal de Phyf* Aimk* 1787^ ; others grow on 
thofe fruits which have a woody covering ; fach as are formed 
on the fragments of fir, are not the fame as thofe which grow 
on the wood of the oak. The hufk of the nutmeg produces a 
fungus peculiar to itfelf, (Ancienne Mncycl, art. Mi^fiade)^ 

Laftly, the fungi which are formed mi the wooden props of 
mines, cellars, Src. are not the fame as thofe produced by 
the fame woods when they decajrin the open air. It ti di^ 
ficult to conceive the differoination of feeds from one mine to 
another, particularly to thofe which are opened in fituations 
where no mines had exifted before ; neverthelcfs I have found 
all thofe which I have examined in different countries to po^ 
fefs very nearly the fame form. 

All thefe conliderations may induce us to prefume, tbt na- jgprefaaisd 
lure is daily exerctftng the fame powers which file poflefled at that plaati coa« 
the cteation, and it would be interefiing to examine 
caufos i|0d afeertain the meai^ of execution ; but this can onl^propwatka. 
be the confaquence of long and diverfified inve^^ioiii, cac« 
ried on by a great number of obferven. 
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An Effay on the Declivities of Mountains* By Richard 
Ki&w AN, EJq* L. L D. R R. S* and P. R* L 


marks* 


lotrodoaory re- ^A*MONG the various caufes to whofe a6dvity th« planet we 
inhabit awes its prefent wonderfully diverfifi^ appearance, 
fome undoubtedly exerted tineir inftaence from its very 
and others at fubfequent periods ; of tbefe laft one 
namely, the Noachian deluge, was univerfal in its o|iq|iion:; 
while the etfeds of many more were partid^nd local, fuch as 
thofe rejulting from earthquakes, volcanos, particular inunda* 
lions, &c. 


In a general furvey the globe, it is only to general caufes, 
w*hofe operation was univerfal, that our attention can be di- 
xeded ; the effe6ts of partial caufes being the proper objedaof 
the geological hillory of thofe countries that were particularly 
affected by them* 

But to diftinguifli caufes of the former clafs from thofe 
whofe operation was more confined, it is neceflary to difeover 
fome charader by which their efie6ts may unequivocally be 
difeemed* 

, Now a general uniformity, or agreement in fome particular 
^rcumftance in every part of the globe, feems to be a fure left 
of the operation of fome general caufe* The difeovery of 
uniform appearances is therefore of primary importance in 
geological refearches* In the prefent eflay I tball confine my^* 
felf to the invefiigation of one inflance of (his fort, namely, the 
iim^ty qf deckvity which the fides or flanks of mountains 
eSnibit in every part of the globe hitherto examined according 
to the points 0 / the compafs to^whicb they fece, arid are ext 
pofed. ^ 

AH high movn- That one part of aljpoft every high mountain or hill is fteeper 

have oirfidc another, could not have efcaped the nq^ce of any perfon 
much deeper who had traverfed fuch mountains ; but that Nature in.tbe for* 
than the other* ^nation of foefa declivities bad any regard to different afpefts or 
points of the compafe, feems to tove been fiifi remarked by dm 
celebrated Swedilh geologift Mr* Tilas, in the 89d voli at die 

Memoirs 
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Mellon of Stockholm for 1 760 Neither VlTlreiiiUi, Lulo^ 
nor BufTon in his Natural Hiftory pubtiflied in 1748, have no^ 
ttced this remarkable circumAance. 

The obfervation of Tilas however relates only to the ex* The Aeep Ada 
treme ends, and not to the flanks of mountains ; with refpeft 
to the former, he remarked that the fteep^ declivity always 
faces that part of the country where the land lies loweA, and 
the gerulejt that part of thcmjountry where the land lies higheft, 
and that in the fouthern||||H elilern parts of Sweden they con- 
fequently face the E. a^S. E. and in the northern the W. 

The eflential part of this obfervation extends therefore only 
to the general elevation or depreffion of the country, and not 
to the bearings flKhefe declivities. 

The dtfcovery that the different declivities of the flanks of The vreAem 
mountains bear an invariable relation to their different afpefis, 
feems to have been firft publilhed by Mr. Bergman in his 
phyfical defcription of the earth, of which the fecond edition 
speared in 1773. He (here remarked that in mountains that 
Extend from N. to S. the weflern flank is the ftteptft, and the 
^flern the gentkfi. And that in mountains which run E. and 
the fouthern declivity is the Aeepefl and'the northern the 
lllriltlefl, vol. 2d. § 187. 

affertion he grounds on the obfervations related in his Inftancei. la 
^Irol. § 32, namely, that 1® in Scandinavia the Suevoberg ^*<^*"*^*** 
ffid^tains that fun N. and S. feparating Sweden from Norway, 
ffilFwefiern or Norwegian fides are the fteepeft, and the eaffem 
or Wedifh the mofl; moderate, the verticality or fleepnefs of the 
former being to that of the latter as 40 or 50 to 4 or 2 f. 

2dly . Jhat the Alps are fieeper On their weflern and fouthern The Alps, 
^fides then on the eaftern and northern. 

5dly. That in America the Cordelieres are Aeeper on the The Cerdelieref. 
weflern fide, which faces the Pacific Ocean, than on the eaftern. 

.But he does not notice a few exceptions tp this rule in purti^ 
cular cafes which will hereafter be mentioned. 

Buffon, in the firft vol. of his Epochs of Nature publilhed in Remarks of 
1778, p. 185, is the next who notices the general prevalehce 

* See alio vol. 25s Swed. Abhandl* p. 281, where Cronftid oi* 
plains fome obfeure peris of TUas’s obi^ation. « 

t The verticality of the fides if inverfely at the length of the 
defeent. 
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and other au- 
thors { 


Herman; 


La Metherie ; 
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of this phenomenon, as far as relates to the eaftem and weftcm 
Tides of the mountains that extend from north to fouth, but he 
is (ilent with rerpe6t to the north and fouth fides of the moun- 
tains that run from eafr to weft ; nay, he does not feem to have 
had a juft comprehenfton of this phenomenon, for he confiders 
it conjointly with tlie general dip of the regions in which thefe 
mountains exift. THus he tells us, vol. 1ft, p. 18.$, that in all 
continents the general declivity, ta|cing it from the..ruinmit of 
mountains, is always more rapid the weftern than on the 
eaftern fide ; thus the fummit of the chain of the Cordelieres is 
much nearer to the weftern (liores than to the eaftern ; the chain 
which divides the whole length of Africa, from the Cape of 
Good Hope to the mountains of the Moon,^s nearer, he fays, 
to the weftern than to the eaftern feas ; of this however he muft 
have been ignorant, as that tmdiof country is ftill unknown. 

The mountains which run from Cape Comorin through the 
peninfula of India are, he fays, much nearer to the fea on the 
eaft than on the weft ; he probably meant the contrary, as the 
fa^ is evidently fo, and fo he ftates it in the 2d vol. p, 295 ; 
the fame he tells us may be obl'erved in illands and peninfulas, 
and in mountains. 

This renftirkable circumftance of mountains was notwith- 
ftanding fo little noticed, that in 1792 the author of an excel- 
lent account of the territory of Carlibad in Bohemia, tells u$ 
he had made an obfervation, which he had never met with in 
any phyfical deferiplion of the earth, namely, that the fouthern 
declivity of all mountains was much fteeper than the northern, 
which he proves by inftancing the Erzgebirge of Saxony, tfie 
Pyrenees, the mountains of Switzerland, Savoy, Carinthia, 
Tyrole, Moravia, the Carpathian and Mount Haemus in 
Turkey, 2, Bergm. Jour. 1792, p. 385, in the note. 

Herman in his Geology, publifhed in 1787, p. 90, has at 
leaft partially mentioned this circumftance, for he fays that the 
eaftern declivities of all mountains are much gentler and more 
thickly cpvered withjecondary ftrata, and to a greater height, 
than the weftern flanks, which he inftances in the Swedifh and 
{Norwegian mountains, the Alps, the Caucafian, the Appenine 
*and Ouralian mountains ; but the declivities bearing a fouthern 
or northern afped he does not mention. 

La Methcrie, in the 4>th vol. of his Theory of the Earth, of 
which the fecond edition appeared in 1797, a work which 

abounds 
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ftboundt in oxcelient obfervations^ p* SSI \ prodocei da« 
merous inAancea of the inequality of the eaftem and weflefn 
declivities^ but fcaice any of the northern and fouthern^ whofe 
difference he does not to have noticed^ but he makes a 
remark which I have not feen elfewhere, that the coafts of 
different countries prefent fimilar declivities. 

With regard to eaAem and weftern afpeds^ he thinks that 
a different law has obtained in Africa from that which has been 
obferved in other countries, for in that vail peninfula he ima« 
gines the eailern declivities of mountains are the fieepeff, and 
the weffern the gentlefl. Of this however he adduces no other 
proof, but that the greateft rivers are found on the weftern 
fide : this proof ^ms infufficient, as, if mountains be fituated 
far inland, great rivers may flow indifcriminately from any fide 
of them, and fometimes few rivers flow even from the fide 
whofe defcent is moft moderate, for inftance, from the eafierm 
fide of the mountains of Syria; the Elbe and the Oder, two of 
the greateft rivers io Germany, take their courfe from the 
weftern fides, the firft of the Bohemian and the other of the 
Moravian mountains, which yet are the fteepeft. Many ori** 
ginate from lakes, as the Shannon with us ; many take fuch a 
winding courfe, that from a bare knowledge of the place of 
their difemboguement it is impoffible to judge from what flde 
of a mountain they ifiue, if from any ; their courfe at moft dif* 
covers the depreffion of the general level of the country. 

In 179S, the celebrated traveller and circumnavigator, Jofin r. R, Fofterx 

Rcinhold Foftcr, publifhed a geological t^radl wlijch merits 

I iiifrt '1 LTJt (AS s. Ana 

much more attention, as ail the tacts were either obiexved by s. £. fidci of 

himfelf, or related to him by the immediate obfervers. In this 

he ftates as a fadl univerfally obferved, that the fouth and fouth- ^ 

eaft fides of almoft every mountain are fteep, but that the 

north and north«weft (ides are gently covered and conneded 

with fecondary ftrata in which organic remains abound, which 

he illuftrates by various inflances, fome of which have been 

already, and others will prefently be mentioned. 

At prefent this fa^ attracts the greateft attention, being ob« 

vioufly connected with the original ftrudure of the globe, and 

clearly proving that mountains are not mere fortuitous eicuptio^ 

unconnected with tranfa^ions on the forface of the earth, as has 

of late been confidently advanced. 

* It is to be regretted that he fcarce ever quotes his authorities. 

S 2 Khali 




ON THE DECLIVITIES OP MOUNTAINS. ' 

• I lhall now ftate the principal obfervations relative to th^ 

objed, that have been made in different parts of the world. 

In Europe. 

Account of 1. The mountains that feparate Sweden from Norway ex- 
Europc'"** tend from north to fouth, their weftern tides are fieep and the 

eaftern gentle, 1. Bergm. Erde Befchreib. p. 157. 

2. The Carpathian mountains run from £. to W. their 
fouthern fides towards Hungary are tleep, their northern to- 
wards Poland moderate, Fofter, § 46. 

3. Dr. Walker, profeflbr of natural hiftory at Edinburgh, 

^ obferved that the coaffs and hills of Scotland are deeper and 

higher on the wedern fide than on the eadel^g ; Jamifon^s Mi- 
neralogy of Shetland, p. 3. However, Jamifon obferved, 
that the fouth fide of the ifie of Arran is the lowed, and the 
north fide the highefi, p. 51. 

4. The mountains of Wales are gentle on the eadern and 
deep on the wedern fides. 

5. The mountains of Parthery, in the county of Mayo, are 
deep on the wedern fide. 

6. The mountains which feparate Saxony from Bohemia de- 
feend gently on the Saxon or northern fide, but are deep on the 
Bohemian or fouthern fide; Charpent, p. 75. The fouthern 
declivity is to the northern as fix to two, 2d Bergm. Journ. 

‘ J792, p. 384 and 385. 

7. The mountains which feparate Silefia from Bohemia run 
nearly from E. to W. yet are deeper on the northern or Silefian 
fide than on the oppofite Bohemian ; Afiemanni Sile/a, SS5. 
Such branches as run from N, E, to S. W. have their wedern 
covered with primordial drata, and confequently lefs deep j 
4. New Roz. p. 157. 

8. The Meiflener in Heflia is deeper on the N. and E. fides 
Vfhich face the Warra, than on the fouth and wedern ; 1 . Bergm . 
Journ. 1789, p. 272. 

9. The mountains of the Hartz and Habichtfwald are deep 
on the fouth and gentle on the northern fides, FoAer, § 46. 

10. The Pyrenees, which run from E. to W. are deeper on 
the fouthern or Spanifh fide ; Carbonieres, XIIL 

« 11. ThemountainsofCrimTartaryaregentleon thenorthern 

and deep on the fouthern fides, Fodcr, ibid. 


fn 
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In Afia. 

12. The Ourals, which ftretch from N. to S, arefar fteeperin Afia> 
on the weftern than on the foutliern tides; Herman Geologic^ 

p. 90, and 2d Ural Befchreib. p. 389. 

13. The mountain of Armenic to the weft of the Ourals is 
fteep on its E. and N. tides, but gentle on the fouthern and 
weftern ; 1. Pallas Voy. p. 277. 

1 4. The Altaifchan mountains are fteep on their fouthern 
and weftern tides, but gentle on the northern and eaftern ; 

JFofter, ibid, and Herman 2d. Ural Befchreib. p. 390, in the 
note. 

15. So alfo ar^^e mountains of Caucafus, 3d. Schrift, Berl. 

Gefelfch. 471. 

16. The mountains of Kamtkattka are fteep on the eaftern 
fides, Pallas, i A61. Petropol. 1777, p. 43. 

17. The Ghauts in the Indian peninfula are fteep on the 
weftern Tides. 

IS. The mountains of Syria which run from N. to S. tkirt- 
ing the Mediterranean, are faid to be fteeper on the weftern fide 
facing the Mcditenanean ; 4. LaMetherie, p. 380. 

In America, 

The Cordclieres run from N, to S. their weftern flanks to- Jn America; 
wards the Pacific are fteep, their eaftern defcend gradually. 

In Guiana there is a chain of mountains that run from E. to 
W. their fouthern flanks are fteep, their northern gentle; 

Voyages de Condamine, p. 140. 

To aflign the caufes of this almoft univerfal allotment of un- DeduAIon of 
equal declivities to oppofite points, and why the greateft are 
directed to the weft and fouth, and the gentleft on the contrary 
to the eaft and north, it is neceflfary to confider, 

1. That all mountains were formed while covered with 
water. 

2. That the earth was univerfally covered with water at The earth wa 

two different aeras, that of the creation, and that of the No- 2i wUh waterT*^ 
achian deluge. ^ 

3. That in the firft sera we muft diftinguifh two different Two aeras. 
periods, that which preceded the appearance of dry land, and ^ 
that which fucceeded the creation of fifti, but before the fea 

)^ad l^en reduced nearly to its prefent level; during the* 

former 
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former^ the primaeval mountains were formed, and during 
the fall, mod of the fecondarj mountains and Arata weire 
formed. 

4. That all mountains extend either from E. to W. or from 
N. to S. or in fome intermediate direction between thcfe car- 
dinal points, which need not be particularly mentioned here, 
as the fame fpecies of reafoning muA be applied to them, as to 
thofe to whofe afpeft they approach moA. 

In the firft the Thefe preliminary ctrcumAances being noticed, we are next 
uiM*werc*formI obferve that during the firA ara, this vaA mafs of water 
cd, ind the wa- moved in two general directions, at right angles with each 
E.”toW?and°”^ Other, the one from E. to W. which needs not to be proved, 
fcom N. to S. being the courfe of tides which Aill continu^ but were in that 
ocean neceflarily Aronger and higher than at prefent : the other 
from N. to S. the water tending to thofe vaA abyAes then 
formed in the vicinity of the fouth pole, as (hewn in my former 
eflays. Before either motion could be propagated, a conAder- 
able time mu A have elapfed. 

The primeval Now the primaeval mountains formed at the commencement 

before this double direction of the waters 


The pf!m«val Now the primaeval mountains formed at the commencement 
Sfted the waters before this double direction of the waters 

which occafion- took place, muA have oppofed a conAderable obAacle to the 
cd the greateft motion of that fluid in the fenfe that crofled that of the direc- 

depolitions on i r i • 

the N. and £• theie mountains. Thus the mountains that Aretch from 

fides, to S. muA have oppofed the motion of the waters from 

E. to W. this oppoAtion diminifhing the motion of that fluid 
difpofed it to fuffer the earthy particles with which in thofe 
early periods it muA have been impregnated, to cryAallize or 
be depoAted on thefe eaAern flanks, and particularly on thofe 
of the higheA mountains, for over the lower it could eaAly 
pafs ; thefe depoAtions being inceflantly repeated at heights 
gradually diminifliing as the level of the waters gradually low- 
ered, muA have rendered the eaAern declivities or defeent, 
gentle, gradual, and moderate, while the weAern Adcs re- 
ceiving no fuch accefllions from depoAtions, muA have re- 
mained Aeep and craggy. 

Again, the primaeval mountains that run from E. to W. by 
opjpoAng a Amilar reAAance to the courfe of the waters from 
N. to S. muA have occaAoned Amilar depoAtions on the 
^ northern Ades of thefe mountains againA which thefe waters 
impinged/ and thus fmoothed them. 


Where 
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W&ere moikmtains interfed ^ach other in an oblique direc- Mountains' near 
tion, the N. E. fide of one range being contiguous to f^terce 
S* W. flanks of another range, there the aflSux of adventitious depofition* 
particles on the north-eaft fide of the one, muft have fre- 
quently extended to the S. W. fide of the other, particularly 
if that afflux were flrong and copious ; thus the Erzgebirge of 
Saxony, which run from W. to E. have their N. E. fides con- 
tiguous to the S. W. fide of the Riejbngehirge that feparate 
Silefia from Bohemia, and hence thefe latter are covered with 
the fame beds of gneifs, &c. as the northern fides of the Saxon, 
and thereby are rendered fmooth and gentle comparatively to 
the oppofite fid^ which being flieltercd, remains fteep and 
abrupt, which dfplains the feventh obfervation. 

The caufes here affigned explain why the covering of ad- It be letft 
ventitious ftrata on the higheft mountains is generally tliinneft 
at the greateft height, and thickefl towards the foot of the 
mountain, for the bulk of the water that contained the adven- 
titious particles being proportioned to its depth, and tlie mafs 
of earthy particles with which it was charged, being propor- 
tioned to the bulk of water that contained them, it is plain, 
that as the height of water gradually decreafed, the depofitions 
from it on the higher parts of the mountains mufi have been 
lefs copious than on the lower, where they muft have been 
oftener repeated. 

Hence, 2. granitic mountains, generally the moft ancient, 
frequently have their northern or eaftern fides covered with 
ftrata of gneifs or micaceous fliiftus, and this often with ar- 
gillite, or primasval fand-ftone, or lime-ftone, thefe being 
either of fomewhat later formation or longer fufpendible in 
water. 

Hence, 3. different fpecies of ftone are often found at 
different heights of the fame flank of a mountain, according 
as the water which conveyed thefe fpecies, happened to be 
differently impregnated at different heights ; during the firft 
aera its depofitions formed the primitive ftony mafles, but after 
the creation of fifh, lime-ftone, fand-ftone, farcilites and fe- 
condary argillites, in which pifcine remains are found, were 
depofited. But during the feoond sera, viz. that of the &o- 
achian deluge, by reafon of the violence and irregularity of 
its aggrelfion, the depofitions were more mifcellaneous and 
are found at the greateft heights | yet in general they may* 
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well be diftinguiftied by the remains of land animals, or of 
vegetables, or of both, which they prefent in their ilrata (or 
at lead by the impreffions of vegetables which they bear) a^ 
thefe muft have been conveyed after the earth had been in* 
habited. But mountains regularly ftratified bearing fuch re-; 
inaii)s, for infiancje the carboniferous, cannot be deemed to 
have been formed in a period fo tumultuous. During this 
deluge the waters alfo held a different courfe, proceeding at 
fird from fouth to north, and afterwards in both oppofite di-^ 
regions, as fhewi^ in treating of that catadrophe in my fecond 
effay. 

Exceptions from Hence^ and from various contingent local caufes, as partia) 
local caufcs. inundations, earlli quakes, volcanos, the erol^m of rivers, the 
elapfion of drala, difintigration, the difruption of the lofty 
mounds by which many lakes were anciently hemmed in, fe« 
veral changes were produced in particular countries that may at 
fird fight appear, though in reality they are not, exceptions 
jto the operations of the general caufes already dated. 

Jnftsnccs^ Thus the mountains of Kamfkatfka had their eadern flanks 

torn and rendered abrupt by the irruption of the general de- 
luge, probably accompanied by earthquakes. And thus the 
Meiffener had its E. and N. flanks undermined by thp river 
Warrji, as Werner has fliewn ; thus the eighth and fixteenth* 
obfervations are accounted for, as is the thirteenth, by the vad 
inundations fo frequent in this country, 1 Pallas, p. 172, which 
undermined or corroded its E. fide, while the wedern were 
fmoothed by the calcareous deppfitions from the numerous 
rivers ip its vicinity, 

pifferent fpecics pjence, we fee why on different fides of lofty mountains 
of ftoncmul^^^ dones are found, as Pallas and Sauffure 


found on difler’ 
ent Tides of 
pountains. 


faterppdons. 


have obferv.ed, 2 Sauff. § 981, a circumdance which Sauffure 
imagined almoft inexplicable, but wh\ch. Dolomieu has fincp 
happily explained, by (hewing that the current which conveyed 
the calcareous fubdances to the northern, eadern, and northr 
jeadern fides of the Alps, for infiance, was fiopped by the 
height of thefe mountains, ^nd thus prevented frpm conveying 
them to the fouthern fides, and thus the north-eadern fides 
w^e rendered mqre gentle than the oppofite, 3. New Rotz, 
p. 425. conformably to the theory here given. 

Hence, 5. where fe veral lofty ridges run parallel to each 
, pther, it mud frequently happen that the external fhould in- 
tercept 
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tercept the depofitions that do not furmount them, and thus 
leave the internal ridges fteep on both fides. 

Hence, 6, low granitic or other primitive hills are fre- Low mountsliw# 
quently uncovered by adventitious flrata on all fides, as at 
Phanet in the county of Donegal, or are covered on all fides ; 
the impregnated waters either eafily pafiing over them, or ftag- 
nating upon them, according to the greater or lefs rapidity of 
its courl’e, and the obfiacles it met with. 

The twofold motion of the ancient ocean is noticed both by Remarks on the 
^Buffon and Bergman, but neither of them have deduced from nd^ 

^t the true explanation of the phenomena of which we here Bergmann, 
treat : BufTon attributes the formation of fecondary mountains 
to depofition or jjl^iments from the fea after the exificnce of 
fi(h, 1. Epoques, p. 143, in 8vo. which he fays invefted the 
bafes of mountains without noticing any difiin6lion of fides, 
p. 144 and 170« He thinks thefe fediments were equally con- 
veyed from both poles towards the equator, for it is the 
equatorial regions that he thinks thofe mighty caverns opened, 

(towards which the primitive ocean was impetuoufly borne and 
in which it was ingulphed, p. 181, 182, and 183. If fo, 
fimilar declivities (hould be formed on the fouthern as on the 
northern fides of mountains, which is contrary to the obferved 
fa£ls^ His explanation of the eafiern and wefiern declivities is 
defective and e|[|:oneous, for he attributes the abruptnefs of thq 
'Vveftern fides to the erofion of the coafis on that fide (an ero- 
^on that exifis only in fancy) and the fmoothnefs of the eafiern 
to the gradual dcfertion and retreat of the fca on that fide, 
p. 184. and 185, a retreat equally fictitious, as De Luc has 
well (hewn. Whereas lince the general motion of the fea is 
from E. to W, if the erofion were of either fide it fliould rather 
be on the eafiern than on the wefiern ; befides, if tlie gentle 
declivities of the eafiern fides of mountains arofe from the gra- 
jdual retreat of the fea, the petrifaClions of the fecondary moun- 
tains thus formed fliould confifi of fuch (hell-fifli as inhabit 
(hallow feas or fliores, whereas they confifi chiefly of thofe 
called pelagica, which ipliabit the greateft depths *. 

With refpeCl to the eafiern and wefiern declivities, Mr. 

Bergman^s account of the origin of their inequality agrees ok- 
aCtly with mine, 2. Bergm. Erdeklotet § 183 and 187, but he 

* 2. Bergm. Erdekugel, p. 315, 


fails 
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fails in accoanting for the ineqiiAtity of the northern and foutti* 
ern, ^for he fuppofes the courfe of the water to tend equally 
from both poles towards the i£quator which would render the 
depoiitions equal on both fides, which is contrary to obferva* 
tion. 


Preface* 


XIV. 

A Memoir ort Animal Cotton, or the InfiSt Fly-Carrier. By 
BaooRY des Lozilkes, Member of feveral Academies, 
end Founder of the Society of Scie7u:te and Arte, at Cape Pnm* 
c&is, (American Tranf. V.) 

Gbnteemek, 

Before i enter upon the fubjefl of this memoir, I ought 
to pay the tribute of praife which is due to due to your ufeful 
labours. But the flyie of eulogy is ill fuited to the plainnefs 
of an American farmer, and while you are conftantly employed 
in deferring praife, you cannot fpare time to hear it. 

I am now going to communicate to you, with fome obfer- 

vations upon it, a faft of entomology which I have myfelf 

witneffed during my refidence at St. Domingo, and which, if 

Propofed new am not miflaken, deferves your greatell attention, becaufe 

branch of Weft ^ introduce a new branch of commerce with the Weft 
inoJA coxnnicrcce * 

India colonies, and render very ufeful an animal which has 
hitherto been known only by the mifchief which it occafions. 

Every Inhabitant of the Weft Indies knows and dreads the 
greedy worm which devours their indigo and calTada planta« 
tions. But people have hitherto turned their attention more 
to the means of deftroying it than of rendering it ufeful. It 
is indeed very natural to endeavour to deftroy our enemy, 
but to com{)el him to be of fervice to us is by far the greater 
triumph. 

Jts Birth, Growth, and Death, 

7he cafTada worm is produced like the (ilk worm, that is to 
fay, from the eggs which the mother fcatters every where, 
after (he has undergone her metamorphofis into a whitifh but- 
terfly, or of a light pearl colour. 


ProduQion, 
growth, and 
death of the« 
eailada worm. 


The 


1287 


Ah'aI^IMAL COTTOI^ or THR INHCT RLT-OARRlRR. 

Thb egg i8 batched aboat the latter end of Jaljr^ Its devei 
lopement is quick, for in September the worm is Ranged into 
a butterfly. 

This month of September is the feafon of his loves. The 
confiant motion of his wings (hews the ardency of his paifion 
which he indulges day and night and even while feeding. 

The excefs of this indulgence foon deftroys him, he dies in the 
fame month after violent convulfions. 

I have faid that his life begins at the end of July. He is 
decked at his birth with a robe of the mod brilliant variegated 
colours. This elegant livery, which nature feems to have de^ 
lighted in forming, renders him always agreeable to the eye, 
which always d\’iTlIs upon it with pleafure. 

Its 4ff^nities. 

It has appeared to me to be a fmooth caterpillar whofe ex- External Ap- 
ternal thape is exactly like that of the filk worm. pcarmcci, 

It differs however from it, by its iize, by its thicknefs, and 
by the beauty of its colours. 

It again differs from the filk worm, becaufe it does not itfelf 
work the cone which I am going to fpeak of. 

I leave it to the learned to delineate its external configura- 
tion, and to determine upon the family of infects to which it 
belongs. I fball only fay that 1 do not believe it has, like the^ 
filk-worm, an inteftine going in a dire6l Knc from the mouth 
to the anus, becaufe it appears to me that this caufe of elabo- 
ration would not have the fame deftination. 

Its Food, 

It feeds on caffada leaves, of which it is extremely greedy. Food. 

It feeds at all hours, day and night It alfo nibbles the leaves 
of the potatoe, this is however but a tranfitory tafte, it foon 
returns to the caffada leaf. 

I have to obferve that after it has taken its food, when tlie 
time of its metamorphofis arrives, it does not purge itfelf by 
diet, like the filk worm, but continues to eat to the laft mo- 
ment. 

Approach qf its Mttamorphofes* 

In the month of Auguft, and when on the point of under- Tunc and 
gmng its metamorphofis, it ftrips off its fuperb robe^ and puts 

on 
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on one of an admirable fea-green^ this fundamental colour re- 
Ueds all its various (hades, according to the different undula- 
tions of the animal^ and the different accidents of light. 

The Sting of the Ichneumon Ffy, 

Immediate depo- This new decoration is the (ignal of its tortures. Imme- 
Ution of ” 

thoufandi of diately a fwarm of ichneumon flies aifail it. I think I am not 
eggs in its body, miftaken when I affert that there is not one of its pores that 
has not one of thofe flies fafleqed to it. There is even no ne- 
ceflity of making ufe of the microfcope to fee that be is co- 
vered with them. 

In vain he druggies with all his might, raifes himfelf up- 
right to get rid of his cruel torlnenlors-^^e mud fubmit. 
Thofe flies, of the fmalled fpecies, and which can only be 
dudied by means of the microfcope, drive their dings into the 
tkin of their vidlira, over the whole extent of his back and 
fides. Afterwards, and all at the fame lime, they flip their 
eggs into the bottom of the wounds which they have made* 

After having performed this dreadful operation, the ichneu- 
mon flies difappear, and the patient remains for an hour, in 
a drowzy and even motionlefs date, out of which he awakens 
to feed with his former voracity. Then he appears much 
larger, and his fize mrreafes every day. His green colour 
aflumes a deeper hue, and the tints produced by the reflection 
of the light are more drongly marked. The animal in this 
date of factitious pregnancy, if I may fo exprefs myfelf, is 
worthy of all the attention of the obferver of nature. 

I (hall not undertake the defenption of the ichneumon fly, 
it is well defcribed in the books. If I have obferved a dif. 
ference, it la the lame which exids between the European 
gnat and the mufquitoe of hot regions, that is to fay, that our 
Wed-India flies are of a lelTer (izc. 

I have now to defenbe the operation which the ichneumon 
flies, which arc extremely fmall, perform at the very moment 
of their coming into the world ; you will judge, gentlemen^ 
whether this expreflion is accurate. 

Animal Cotton, 

Fibrous A fortnight after the ichneumon flies have thus cruelly de« 

dons called pofited their eggs by perforating the unfortunate caflfada-worm. 


animal cotton* 


that 
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that is to fay, fome time in the month of Aaguft, thofe eggs 
may be feen by the help of a microfcope, hatching on the body 
of that animal. 

Thofe eggs are all hatched at the fame moment, and it is Hlftory of tht^ 
impoffible to catch the moral point of time which may intervene 
between the birth of one and that of another. At one glance, 
the caflada-worm is feen covered with all the little worms that 
have juft been hatched. They iflue out of him at every pore, 
and that animated robe covers him fo entirely, that nothing can 
be perceived but the top of his head. He then turns to a 
dirty white, the little worms appear black to the eye, but their 
true colour is a deep brown. 

This operatic^ lafts hardly more than an hour, and is fol** 
lowed by another which is not much larger but which is much 
more curious. 

As foon as the worms are hatched, and without quitting 
the fpot where the egg is which they have broke through, 
they yield a liquid gum, which by coming into contadt with 
the air, becomes folid and flimy. 

At the fame time, and by a limultaneous motion, they raife 
themfelves on their lower extremity, fliake their heads and 
one half of their bodies, and fwing themfelves in every direc* 
tion. Now is going to begin an operation which will afford 
the greateft delight to the admirer of nature. 

Each of thofe animalculm works himfelf a fmall and almoft 
imperceptible cocoon in the ftiape of an egg, in which he 
wraps himfelf up. Thus, they make, as it were, their wind- 
ing flieet. They feem to be born but to die. 

Thofe millions and millions of cocoons, all clofe to each 
other, and the formation of which has not taken two hours, 
form a white robe in which the caifada^worm appears ele- 
gantly clothed. While they are thus decking him, he remains 
in a ftate of almoft lethargic torpidity. 

As foon as this covering is woven, and the little workmen 
who have made it have retired and hid themfelves in their 
cells, the worm endeavours to rid himfelf of thofe barbarous 
guefts, and of the robe which contains them, but he does not 
liicceed in this attempt without the greateft efforts. • 

^ He comes out of this kind of enciofure, entirely flaccid and 
dull, inftead of his former fat and fhining appearance, his fkin 

now* 
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Novir appean flabby, wrinkled and dirty, u)d givat bin the 
appearance of decrepitude. He is new an exhaufted, fiifler- 
ing being, threatened with approaching death. 

He will fill) gnaw a few leaves, but he no longer eats With 
that voracious appetite, which indicated an a£Uve and vtgoc 
rous conftitution. Shortly afterwards he pafles to the fiate of 
a chryfalis, and after giving life to thoufands of eggs, he fad* 
denly lofes his own, leaving to the cultivator who has not yet 
bethought himfelf of calculating the advantage that he may 
draw from him, an advantage which may be fo improved as 
to much more than compenfate the ravages which he occafioni* 

Shdl qf the Ichneumon 

I had imagined that the thoufands of little worms which 
this (hell contains in the cocoons of which it is compofed, 
would be hatched fotne day. 1 (hut it up therefore in a box 
doled with great caution. Every morning, and very often in 
the courfe of the day, I examined it, in order to catch the 
moment when thofe little animals were to be born a fecond 
time. 

In flsd, at the expiration of about eight days, I found thia 
infide of the box lined with a cloud of little flies. I made 
myfelf certain that they ilTued out of the little cocoon* Se* 
veral which ilTued out of them before my eyes, left me no 
doubt as to the fad. 

1 then took up fome of thofe flic«, and putting them on a 
pincer, I examined them with a microfcope. 

They are bold atjd lively : they have four wings. Their 
antennm are long l!lnd vibrating, their belly hangs by a vCry 
fine thread : there are fome that have a tail, and others that 
do not (hew it. Afterw^ards I fatisfied myfelf that they feed 
upon fmall infeds that appear to be of the family of Acarus^ 
Tl^fe indications appeared to me fufficient to be fatisfied that 
they belong to the family of the ichneumon. 

Ohfermiom on Animal Cotton, 

I have ,often held in my hand that cotton (hell or wrapper. 
Its/whitenefs is dazzling. As foon as the flies have quitted 
the cocoon, it may be ufed without any preparatory precau* 
tioii. It is made up of the pureft and fined cotton. 

« IcaU 
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I it ^a^<m faecaaC^ it U iHo^kSirie and is pervious to the tooduftiticafl^. 
ekdric fluid. 

I add to this denomination the epithet animal, in coatra- 
diflindion to common cotton, which may henceforth be called 
vagetabla cotton, To that the two fpecies may be difiinguiftied 
from^^ach other by their names, as they are by their origin, 
although they are very nearly related to each other in their 
effe&s. 

It is to be obferved, that what might be called cob^mob in the whole !• 
the covering of the fly-carrier, or fmaU flocks of (ilk which 
are probably intended to flielter the animal from the rain, is 
&r fuperior to what is called ferrit before, and fleet JUk after 
the preparation o$rthe finer iilk. There is no refufe, no infe* 
rior quality in animal-cotton, Every thing in it is as fine and 
beautiful as can be imagined. 

It is poffible, if we may form a judgment by analogy, that 
medicine, which has extraded from filk what is called &gli/k 
drops, a remedy to which the greateft efficacy is attributed# 
paay derive a (imilar advantage, perhaps for the cure of other 
diforders, from an extrad of tlie animal cotton, which might 
be called the St. Domingo drops. 

In fliort there is no need here of any of the precautions 
which the filk-worm requires. The robe which covers the 
fly-carrier, is worked every where, and every where perfectly 
well. 

1 (hall only obferve that as the rain fpeedily dellroys the Caution igainft 
caflada-worm, the inflant might be feized on when the ich- 
neumon fly has depofited her eggs, to put the fly-carrier under 
flielter. His natural food might be procured for him, as is 
done with the filk-wprm. 

The ichneumon fly never fails thus to come and depofite 
her eggs. I have never feen a fly-carrier that was not covered 
with the robe or fliell that I have fpoken of. I have continued 
this obfervation for many years, and the crop was fo abundant, 
that I alone, could collect in lefs than two hours, the quantity 
of one hundred pints, French meafure. 

1 repeat it, animal cotton is attended with none of the dif- Animal cottua 
ficulties which occur in the preparation of vegetable cotjlon. ^^Jh^fS^erlor 
It is fo pure, that as foon as the ichneumons have left iU which to^the vegcublt* 
happens eight or ten days after their regluflon, it may be 
carded and fpun. 

If 
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If it ihould want any preparation, it could be only in cafe 
it (hould not have been fufficiently guarded againft doll and 
rain. 

Vegetable cotton, befides the feeds that produce it and with 
which it is charged, is filled with extraneous matter, of which 
it cannot be freed, but with a minute attention, many hands 
and much time, or with the help of machines which have not 
yet been brought to perfe6tion. 

In every point of view, animal cotton appears to me to have 
a great fuperiority over that of the vegetable kind. 

It will, perhaps, be wondered at, that experience has not 
long ago afcertained this fa6l, but let it be confidered that the 
filk- worm and its ufe, were known long before any ufe was 
made of them, and that we are now carefully repairing the 
lodes that we have fuffered by the carelefs indifference of our 
fore-fathers. 

The fly-carrier may experience the fame fate, becaufe it is 
lefs didicult to reafon than to make experiments, but I dare 
hope that as foon as it (hall have prevailed over the fophiftry 
of indolence, it will (land the competition with filk and vege- 
table cotton. It is more abundant than either. It requires 
lefs time and lefs trouble to procure it. 

This cotton I have but one word more to add. Silk and vegetable 
snakci good lint# cotton ferve only to envenom and inflame wounds, which is 
Attributed to the afperities of their filaments ; I have frequently 
employed animal cotton as lint in the hofpital of my planta- 
tion, it has always fupplied the want of that made of flaxen 
linen, and I have not obferved the fmallefl inconvenience to 
arife from the ufe that I have made of it. 

Had it not been for the troubles that have laid our colony 
wade, and which have prevented the neceffary communica- 
tion, I (hould have brought to you a fly-carrier in every one 
of the periods of his life. You would have feen the eggs, 
the magnificent robe with which he is decked at his birth, 
the kind of food that he is fond of, the Ample but noble veft- 
ment in which he wraps himfclf up on the approach of his 
tormentors, you would have feen thofe covering his whole 
bo(!^ as it were with points, you would have feen him co- 
vered with his (hell, and that fame (hell carded, fpun and ready 
for the weaver. I had in a great degree already executed this 
^.defign. 


But 
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But it is too well known that I have not been able to favo 
any thing in my flight from home, you will, however, be able 
at a future day to afcertain the truth of the fk6t that I have 
ilated to you. 1 thought that a fa€t of this nature deferved to 
be depoflted among your archives, and I may perhaps requell 
of you the permilfion of depoflling there fome other Aill more 
curious fads. 

Bt. DES LOZIERES. 

Philadelphia, Feb. 3, 1797. 


XV. 


An Effay on the Fecula qf Green Plants. By Profejfor Proust. 

Hilaire ROUELLE is the lirA whodifcovered a fubflance Opinion of 
in the green fecula analogous to the gluten of flour. This fub- ^ 

Aance, flnce that time, has never appeared doubtful, becaufe pUnts contain 
there are few chemiAs who have not feen its true charaders. 

The fecula, of which it is the balls, in the opinion of Four- Rouclle aflcrted. 
croy, is only an imaginary being, or, at moA, it has been too 
nightly examined to be admitted in the number of immediate 
vegetable produds ; he even proceeds fo far as to fuppofe that 
the albumen, that animal produd, which no one ever before * 
fufpeded to be contained in plants, is the fubflance which 
ought to be admitted inflead of the glutinous part of green 
feculse. 

Are albumen and gluten found together or feparate in the ate both foun4 
juice of plants ? This is the queflion I have propofed to folve, 
and I lhall endeavour to refolve it in this part of my obferva- 
tions on his ** Syflem of Chemical Knowledge.'^ 

To fave roy readers the trouble of turning to the work, I 
fliall copy the paflage in which the author has colieded tlie 
fads and arguments upon which he has formed his judgment. 

This paflage is Aill more remarkable for the difference it pre- 
fents between his manner of charaderiling other vegetable 
produds, and that of the chemifls of the prefent day. • 

. ** Rouelle the younger, who examined and particularly*Quoto{lonf tom 
compared it with animal matters, alferts that he has found it Fovrero]^ 
in the coloured feculae, and efpecially in that which is called 
tlie green fecula of plants. But the name of fecula being 

VoL. IV. — Afril. T given 
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given indifferently to the fibrous matter contatne4 in the juice 
pf plants, and to the (larch, has induced chemtffs to confider 
the latter as part of the refidue of folid vegetable fnbfiances, 
and there is reafon to think that it was only by analogy, or 
perhaps by certain equivocal properties, that Eouelle be* 
lieved the green matter contained any of the glutinous fiib« 
ffanqcs ; fubfequent experiments at leaff, and fucb aa I have 
mny times repeated, en coloured fcculae, have not yielded 
me the confirmation of this affertiorr, nor has any thing been 
afcertained with certainty, that the gluten is one of tire prin- 
oipies of this latter fecula.” 

The name of fecula, fays Fourcroy, bei|i|; given indifferently 
to the fibrous matter contained in the juice of plants, and to 
the ilarcb, has induced chemifts to confider the latter as part 
of the refidue of folid vegetable fubftances, and there is rea* 
Ion, &c. 

Mclcn?*cheoiifti ^ notice that tins opinion is not correfl. For ex- 

of iaaccarscy, ample, the chemtlls of the prefent day will never agree with 
Fourcroy, that the confufion arifing from the improper appli- 
cation of terms, of which later chemifts have juftly complained, 
has, by a necefiary confequence, produced inaocuracy in thofe 
who have preceded us. Our mafiers, it is true, gave bad names 
to things, but they did not confound them more than w^ do. 
which is not . j£ven at the lime when every vegetable precipitate was 
well founded, ^ fecula, the fimilarity of terms never mifled them fo 

feur as to caufe them to confound the ftarch with the refidue of 
the folid parts of plants. Firft, we are not acquainted with 
any refidue of this defeription, to which chemifts can reafon- 
ably compare it ; and lecondly, if any of them did take the 
green fecula for a refidue, there was not one of them who 
did not perfeSIy know the difference between this fecula 
or refidue and ftarch ; and as no fuch confufion ts to be found 
in their works, the reproach is unjuft ; we need only look into 
tbofe of Rouelle, Macquer, Baumd, Sage, Parmentier, &c. 
to be convinced that4he term of fecula has never mifled thefe 
authors into affimilattons fo difcreditable to their judgment, as 
la place in the lame rank the green fecula, the refidue of the 
folid parts, and the ftarch. 

The fecula Vas We will now proceed to the green feculse, and affirm, that 
crw^h^fiSoiJji" ^ ^ laboratories in pharmacy, and Hill lefs in the han<fe of a 
mauer. chemift fo celebrated for accuracy of obfervation as Rouelle, 

the 
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the hrokeA fibres of green plants hav1^4i^er ^en confoundeil 
with that beautiful foft liquid e^preffed i\>m leaves, or 
with that emulfive produfi' wh^ch pafles^ pure trough the 
drainer, and which, by its exceffivehuenefs and the brilliancy 
of its colour, differs fo very much from the hv^dceous fiU'* 
ments. ' • *« ^ 

Again, if it were true that the fecula v^cre a body homogenei^ ftitc of dif-% 
ous with the reft of the plant j if it were poffible to confider 
as in no rjfpe^t different from the other parts, but by hteing grinding. . 
more bnllfed, would it not be poffible, by compleating the 
trituration of the remainder, to convert it alfo into fecula f 
When a frefli pl?/t is bruifed by the pefile, it is broken fmall ; 
texture is deftroyed, but it is not pulverized. 

This crulhing for a few moments, differs loo much from a 
dry pulverization, to admit of any comparifon between the 
fecula fo produced, and a moiftened powder. When an aque- 
ous juicy plant, a fedum for example, iscrufhed with a roller 
QQ the flab, its expreffed juice will aflbrd fecula. Certainly 
it is not to the trituration, that a fecula is indebted for its foft- 
iiefs, its finenefs, and the impalpability which diftingutfhes it 
from powders. It is molecular in its own nature, and is even, 
perhaps, cryftallized in thofe fibrous cavities where it is de- 
pofited by vegetation. 

Rouelle afferts, according to Fourcroy, that the feculm Thcdodtnncsof 
contains a principle fimilar to animal matters, &c. Rouelle ni>t'*mercTfl*er- 
does more than that ; little contented with finople affertions, tionj, but clear 
he proves it, not by aiial<^ or equivocal profwties, but by 
fucceffion of convincing fa6ts, by approximations which have fads, 
been univerfally admitted, becaufe ^ey combine together the 
moft prominent cfaaraQers which were then known, or are 
even yet know;i, to exift fn animal fubftancei. Whence 
otherwife could Rouelle have drawn his analogies, to enable 
him to compare, as he does, the green fecula with the gluten 
of wheat ? In fr£t, what is there in the common appearance 
of thefe two produds that can lead to the comparifon ? Their 
points of comparifon muft be fought for in their compofition, 
ih their chemical properties, and this was done by that Aj^de- 
fatigable chemift. Thefe are approximations drawn from ^ 
analyfis which ferve as the bafis of the Memoir he has written 
- on the green feculm, and of which there is no mention* in thq fourcroy 
Syft^m of Chemical Knowledge; doubtlefs becaufc in the ’"“'’* **^‘'** 
* T 2 opinion 
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opinion of its illuftripus author, Rouelle had confpunded aU 
bumen with the gluten, and the detail of his fuppofed miftake 
was confidcred as 4 matter of indifference in the hiffory of 
chemiftry, 

Rouelle firil dif- Rouelle hmFtver «found in the feculaof forrel, a produ6t fo 
culiar'an^mar* chemical properties of albumen, that he 

ized fubftanceof intifled upon it in order to fix the attention of his 

the green fecula, time upon a fubflance fo animalized; and as he afterwards 
obtained it from a plant, which, according to Fourcroy, does 
not yield the llighteft trace of albumen, it is now inconteft- 
able, as it was then, that Rouelle was the firft who difeo- 
vered in the juices and green feculse 2 Lpro^^ which, if not 
intitled to the name of albumen, poffeffes, neverthelefs fo 
ftrongly, all the properties by which the attention of chemifts 
has been called exclufively to it, that it is no lefs proper to be 
urged in the hiftory of their difeoveries, than albumen itfelf. 
uni the identity It is to the fame penetrating eye, the fame impulfe of ge- 

ot veg. gluten vvhich led him to anticipate difeovery, that he is indebted 
and chcefc. - . i . V r i 

for that of the attoniflung refemblance between caleum and 

gluten, when they have both undergone that fpecies of fermen- 
tation which transforms them into the cellular combination, the 
odorous and favory compound, called cheefe. And the gluten, 
in this iingular rcfult, refembles the other more completely 
tlje more carefully it has been waflicd. Macquer, when he 
publiftied what continues to be every where repeated, that 
part of thefe changes were occafioned by fome remains of 
ftarch, was iqcorredl in his notion. Starch, a fubftance al- 
ways inadtive in fermentation, in that of bread, of beer, and 
even in germination, could only retard the effc6l produced by 
the gluten itfelf, and confequently could only deftroy, in part, 
thofe chara6ters, from which Rouelle Hated the refemblance of 
thefe two produdts. 

Peculiar fer- And even their arialyfis extends fer beyond the limits at 
mentation of figned to them ; for When the gluten has changed its infipid 
* and vifeous mucoftty fo^ the checfy Hate ; when it has gone 

through all the ftages of that fermentation which is effential to 
that Rendition, it is found alfo to have acquired the tafte of 
thole (liarp and burning fafts which Conftitutc the principal me-^ 
rit of the Roquefort clieefe; falCs Which have nothing in com- 
mon with what is added, but are found equally powerful in 
the curd which has been w'aQied and left to its own fermen- 
tation. 


3 
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Ia fbdjn the cheefe from gluten^ as well as in that from Salts generact4 
animals, potafli and fulphuric acid enable us to find that am- Acc. 

monia, and that vinegar difcovered by Vauquelin. Is the 
ammoniacal acetite then one of the ingredients which gives 
the flavour to cheefe ? I only know that alcohol applied to 
ftrong cheefe deprives it of all its tafte. An analyfis of that 
fpecies might afford curious refults; but let us return to the 
green feculae ; examine them by the lights of modern che- 
miftry, and endeavour more particularly to difcover whether 
albumen aQually cxifts where Beccari and Rouelle found 
gluten. 

Green Fecvla. 

I. The fecula undergoes, by heat, a change capable alone The green fc- 
of giving it a decifive chara6ter as to its nature. I mean that ver> con- 

/• -I ..11 r t * ‘ II crcfable by 

concreicibility which has fo few examples in vegetable pro.- heat. 
du6ts ; that agglutination which comprefles the particles toge- 
ther, and produces the appearance of a cheefy curd. Though 
the fecula, before this change, paffed eafily through the 
ftrainer, it can no longer do fo after having been heated ; a 
peculiar hardening has deprived it of its tenuity ; but heat does 
not coagulate the fibrous tiffue; in this refpe^ the fecula does 
not refemble the broken flraw of greep plants, 

II. The fecula, feparated from the juice by filtration, ac- Eiaftlc and 
qpires an elaftic and horny confidence by drying. It is fof- 

tened with difficulty in heated water, but will not become foft 
even at the end of a month; notwithftanding it is moifiened it 
dill retains its horny date. When bended it will return to its 
fhape, and cannot by any means be crumbled ; the fe quali- 
ties alfo are not found in the dry woody pulp. 

The feculae of green and white cabbages, crelTes, hemlock. More concrefd- 
&c. do not lofe the property of coagulating by heat from 
caufe. Into water heated to between 50 and 60 degrees, 
plunge two matraffes of equal fize, one containing diluted 
fecula, and the other with the water and white of an egg ; 
the fecula will harden and be colleded in flocks, fuch as are 
formed in a juice which is clarified by heat; but at thig tem- 
perature the albumen will not even lofe its tranfparency.* 

III. The green fecula is very nearly in equipoife with v\a^ 
ter, for that pf plants which are npt acid, frequently requires 

a week to precipitate. * * 

?at 
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precipitabie Put fome focula wathed and dilated into three jglaiTes of 
equal fize. To the firft add a little alcohol a few drops of 

acids. acid to the fecond, and place the third between them for com-» 

parifon. In the two firil the precipitation will be compleat in 
half an hour, while yi the third it will b^ hardly begun ; al^ 
cohol and the acids therefore coagulate feculae ; but they have 
no fuch a6lion upon the woody refidue. 

Alcohol takes IV. One bundled parts of the dried fecula of hemlo6k 

ter* pealed infufions to which it w^as fubjefled, it remained of an 

earthy grey, and the alcohol was incapable of bleaching it. 
Sage, who was well acquainted with feculse, found that they 
yielded about one third of their weight in ^fin ; in order to 
fepaiate it eafily, the fecula mufl be thrown into fpirits of 
wine while yet mold, the fluid then penetrates and attacks 
all its parts ; but the effedl is much more difficult when it has 
become horny by drying. 

(To he continued,) 
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Prize ^uefiions of forei^ Learned Societies, 


Kational Infti- 
tutp. Priie 
queftiont. 


Winter fleep of 
animals. 


A HE National InfUtute of France held a public fitting on 
the 20th Vendemiaire, when the new fubjedts for prizes were 
announced. 

The Clqfi qf Mathematical and Pf^al Knowledge propofed 
tlie following queilion : 

To determine, by anatomical and chemical obfervations 
and experiments, what are the phenomena of ina6tivity which 
certain animals, fuch as marmots, dormice, &c. undergo in 
the winter, with regard to the circulation of the blood, the re- 
fpiration and the irritability ; to inquire what are the caufes of 
their fieeping, and wh/it is peculiar to thefe animals.^’ 

This qdedion was propofed before, and the prize was to 
have^been decreed in this fitting ; but the meeting being of 
opinion that the memoirs received did not contain fufficient 
^ information, decreed that it (hould be propofed again, and 
‘that the prize (hould be doubled. It will be of the value of 
iWo kilogrammes of gold (about 6.800 fr.) ; and will be dif- 

tributed 
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triboled at the public fitting of Vendemialre in the year 13. 

Memoirs mufl be tranfmitted to the Secretary of the Inftitute 
before the 15th Meflidor of the year 12. 

The queflion propofed by the C/q/i qf Moral and PoUtkal 
knowledge is^ 

To determine how the faculty of thought can be decom- Dccompolltion 
pofed ; and what are the elementary faculties which can 
dtfcovered in it ?" 

The prize is a gold metal of the weight of five hedo- 
grammes (about 1700 fr.) : it will be adjudged at the public 
fitting of Germinal in the 12th year of the Republic. 

The works caijpot be received after the 15th Nivofe of 
the fame year. 

Prize for Geography. ** To compare the geographical Geography 
charts by Ptolemy, of the interior of Africa, with thofe which-P”*®* 
have been tranfmitlcd to us by fubfequent geographers and 
hifiorians, with the exception of Egypt and the coafis of Bar- 
bary from Tunis to Morocco." 

This fubje£l had been propofed in the year 9, but the me- 
moirs font not correfponding to the conditions of the notice, 
it was renewed. 

The prize is a gold medal weighing five heAogrammcs 
(about 1700 fr.), and will be adjudged in the public fitting of 
Meflidor ill the year 12. The memoirs muft be fent in beforp 
the 15th Germinal of the fame year. 

The Medical Society at Montpellier has propofed two MeJ. Soc. of 
prizes of 500 francs each, of which the firft is to be adjudged 
in May 1803, and the fecond in May 1804, on the following /*** 
queftions ; 

Ifl. In what kinds of difeafes, and under what circum- Inflammation ? 
fiances, is inflammation favourable or dangerous? and, in the 
treatment of fuch difeafes, in what cafes ought it to be ex- 
cited or checked. 

2d. To afcertain by experiment and obfervation, what de- Medicines ky 
gree of confidence can be placed on theufe of certain fub-^“^*®**^ 
fiances, by fridion, which are generally adminifiered inter- 
nally ; (o determine the eflfed of fuch remedies, in both me- 
thods, and alfo the quantity of the dofe; to point out the djf- 
eafes and cafes in which one metliod is to be preferred to the 
other; and finally, to determine, in the different maladies, 
to what parts of the body the application of thefe remedies,* 
are moft efficacious. 
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Luminous flsA 
from an air gun, 


New fugar in 
tke grape. 


The urce is a 
compound con- 
taining ammo- 
nia. 


F/q/^ from an Mr-Gun^ 

M. Pi£let, in a letter from Paris of the 1 ft of January laft 
* to Mr. Tilloch (Philof. Magazine, Vol. XIV. 363.) ftates a 
communication to the^ National Inftitute o|f ranee on the 29th 
of December by M. Mollet, of Lyons, refpeffing the lumi- 
nous appearance produced by the difeharge of an air-gun in 
the dark, a phenomenon which he confiders as never having 
' been before obferved. It has, however, been known for feme 
time in this country, having been 6rft mentioned, 1 believe, 
near a year and a half ago by Mr. Fletcher at a meeting for 
philofophical experiments and converfations, which was then 
held weekly at my houfe. Several difeumons accordingly 
took place with regard to its caufe, — as, whether it was pro- 
duced by eledlricity, or the change of capacity in the expand-, 
ing fluid, Szc. and it was intended to inftitute a courfe of ex- 
periments on the fubjed, but fomc other obje^s of enquiry 
intervening the matter was poftponed. It is a curious phe- 
nomenon, and deferves inveftigation. , 


Letter from Profejfor Proust toj, C. Delametherie. * 
^ On the Sugar of Grapes, and the Compound Nature qf Ur6e. 

I have difeovered a new fugar in the grape, which is the 
bafis of wdne ; it is different from that of the fugar- cane, cry- 
ftallifes differently, &c. It is contained in the proportion of 
about 30 per cent, in the juice of the grape. Azote is uni- 
formly combined with the carbonic acid in the fermentation of 
wine : in that of gluten it is pure hidrogen, which is difen* 
gaged with the carbonic acid. 

Tell Vauquelin that the ur^e, in the ftate in which they 
have examined it, is a faline fubftance falurated with ammonia, 
and not a (imple produ^ ; he need only apply fulphuric acid 
to carry off this ammoitia, and to have the ur^e pure, but co- 
loured with a reftn from which I have not yet been able to 
freest. 

J. dfi Ph^tque. 


On 
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On the Xjfi of Sulphate of Soda in the Mantffa&ory qf Glqfs^ 

By P^jet-Descharmes *. 

Since the notice which was given in the Journal de Phyfique Ufeoffiilphata 
that fulphate of might be ufed, without preparation or of foda in glaft 
any intermediate agent, in the fabrication of filiceous glafs, 

Cit. Pajot-Defcharmes has thought fit to publidi the refult of 
his principal experiments on the employment of this fak in 
glafs-making. 

It appears from the experiments which this operator has 
reported in the Journal de Phyfique, 

1. That fulph^e of foda and fand alone, in various propor* 
tions cannot fucceed. 

2. That fulphate of foda, mixed with pounded charcoal, in 
the proportion of a tenth or twentieth part, yielded a yellow 
glafs more or lefs black, of the nature of obfidian paftes or 
(tones : the crucibles were then very (lightly a6ted upon. 

3. That equal parts of carbonate of lime, dried fulphate of 
foda, and fand, .produced a beautiful glafs, clear, folid, and 
of a pale yellow : the crucibles were then very little corroded. 

Cit. Pajot-Defcharmes obferves, that notwithftanding the 
pains he took, he could never obtain a glafs with fulphate of 
ibda that was not of a yellowilli green, whereas muriate of 
(bda (fea-falt), treated in the fame manner as fulphate of foda, 
always produced a glafs of a light blue tinge inclining more or 
lefs to green. 

Cit. Pajot-Defcharmes propofes to treat more fully, in a 
particular memoir, on all the experiments he has made on this 
(iabjedt. 


Ohfermtions on the Necejfity of immerfing Seeds in Water in Times 
qf Drought, By Ant, Alexis Cadet-de-Vaux. f 

FranconviUe-la^Garenne, 2 Brumaire {061, 23.) 

To reap, we muft fow ; and, from the drought which has fcifom 

prevailed for fix months, fowing is not eafy, for our gardens the feed grain it 
^ in danger of pe- 

♦ Abridged with remarks in the Journal dcs Mines, No^ 69. 
from a Letter from Cit. Pajot-Dcfcharmcs, to J-. C. de la Metherie, 
in the Journ. de Phyfique, Vol. LII, p. 210. 
f Decade Phiiofophique, No. 4. An. XI. 

art 
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are no longer cultivated %vith the fpade and the haj’row, but 
witli the mattock and the pick*axe ; the plough, however, on 
account of its ilrength, can fljll be employed to till the ground, 
except in compa6t lands, and thofe which are ftiflly bound. 
But it is not enough tliat the land (ball haire been tilled to eii'- 
able us to fow it, the feed mail alfo germinate, without which 
it dries and periilies, or becomes the food of animals and in^ 
fe6ls. For without rain, or dew which moiftens at lead the 
furface of the foil, there can be no germiM|tf||a In the mean 
time the feafon advances, an d JL b iltfiWime is already late. 
Let us point out^hg|g|itlflrii^^ a method of pre- 

venti|)|^i^efK?6n^ of drought ; it is, ^not to commit his 

earth, until it is impregnated with the moifture 
necelTary for its germination. 

We may refer to a great example : the Chinefe do not de- 
pofita (ingle feed in the earth- until it has been immerfed in 
water. And I will adduce an experiment nearer home, which 
is in favour of this pradicQ. Five years ago, I fowed half an 
acre (ai'pent) of land with wild fuccory, lucern, and pimper- 
nel. With a view to compare the produce of thefe plants, 1 
fowed them in rows two feet afunder. The fpring was very 
dry, and I foaked each of the feeds in water for forty eight 
hours. The quantity foaked was not fufheient ; for there was ' 
required as much more as to fow nine rows, three of each 
kind. I took advantage of this circumftance to compare the 
cfre6l arifing from the feed being prepared or not prepared by 
immeriion. The refuk was, that in the nine rows fowed with 
the dry feed, not more than thirty plants came up in hvel 
months : while the remainder of the land was covered, and 
formed a mod beautiful artificial meadow. The rain fell too 
thefe nine rows, and it was neceffary to fow them 
jflnmlin autumn. 

Ippbt us now apply thefe fafls to the fowing of corn. 

The hufbandman is in the habit of liming his wheat when 


he apprehends the rot. •This year he has no need to dread 
that evil ; nevertbelefs let him ufe the lime, but by immeriion ; 
for in general the method of application is defedtive. The 
oper^fton is ufiially^onfined to a fimple fprinkling of the heap 
^of whqat with lime water, while it Is turned over with a 
ftiovel. 


The 
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Ttegpod, the only wajr of liming, is by immerfion : put the Method dc« 
feed into tubs, and cover it to the height of four or five fingers 
breadths with lime-water, made fo hot that the band cannot be 
kept in it without difficulty ; cover it up, ftirring it three or 
four times in t|ie twenty-four hours ; after which draw out tlie 
bung that the water may run off, the quantity will be but 
fmall; it will be nearly all abforbed by the grain, which muft 
be takPn from the tubs, fpread out in the air and then fowed. 

Twelve bufltels of wheat, immerfed for twenty-four hours, Wheat becomda 
will abforb nearly one-fourth of water, that is to fay, 

^ will fwell to fifteen or fixteen bufhels by meafure. Let us rorbing water* 
now invefligate tl^ theory, ^ery grain of this corn carries 
with it to the earth a quantity of water, more than fufficient 
to enfure-its germination. This water a6ts principally upon 
the extractive matter of the hufk ; it diflblves this principle, 
one of the properties of which is to attraCt and firongly to re- 
tain moifture. Hence this water will not be evaporated. If Dunghill water 
inftead of pure water, we ufe dunghill water, which is fatu-‘® 
rated with thi^ extractive mailer, together with deliquefcent 
falts, and fatty matter, then the mofi minute quantities of 
furrounding humidity will be attracted towards the grain. But 
in truth it will, after this treatment, fucceed very well witli- 
out the fpeedy affiftance of the rains and dews ; it poffefles a 
fufficiency of moifture to put forth its germ, to throw Ifat its 
radical, and in ftiort, to fecure its germination. The grain Recapitulation, 
which has been fteeped gains, in ordinary feafons, from twelve 
to fixteen days in advance before that which has not been 
fteeped ; and in times of exceftive drought, it gains Qvery 
thing. If fteeped, it germinates and grows; and if not 
fteeped it dries and perifhes. Let the rains come, let them 
continue, ftill I advife immerfion ; which by forwarding the 
germination, remedies the inconveniencies of a late feed- 
time. 


Extras from a Memoir Ay Cit. Fourcroy, on the Chemical 
Nature qf Ants, and on the fimuUaneous Exiftence qf two Vege* 
table Acids in theft Infe&s. ^ 

Samuel Fifcher firft deferibed this acid in 1670. It has Experiments 
fincebeen more particularly examined by Margraff, Arvid- ^1^ «- 
fon, Bergman, &c. and finally by Cit. Deyeux, who efta-’tiwdlstl^c 
bliftied the identity, which Margraff had previoufly fufpeSedracld in Ints. * 

to 
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ExpCTimcnts to exlft between the formic and acetous acids, Ncmthelefs 
iftenceVmaur doubts to remove, and it was Ihefe 

as well as formic which induced the Citizens Fourcroy and Vauquelin to un« 
acid in ants. dertake the following inveftigations : 

Some red ants (/of mica rtifa, Lin.) were crufhed in a mar* 
ble mortar. A (harp vapour was difengaged, fimilar to that 
of radical vinegar ; and the alcohol, in Which the ants were 
put to macerate, was tinged yellow. 

This infu(ion produced, by diftillation, an inflammable li- 
quor, (lightly acid. At the fame time it formed a 'brownifh 
fediment, which was carefully feparated. This fediment 
became covered with an aciH liquor, wfcxh was faturated 
with lime. 

The latter combination became brown and thick : it had a 
pungent naufeous tafte, and the air produced bubbles in it, 
as in foap-fuds. 

One part of this compound, mixed with one part and a half 
of fulphuric acid and two of water, produced a very thick 
magma, which, by diftillation, yielded an fcid liquor, with- 
out colour, of an empyreumatic odour, but which did not 
difcover any trace of fulphuric acid. 

This acid combined with potafti, formed a true acetite. , 

Th# brownifh thick compound, of which we have fpoken 
. tfbove, formed, by folution in acetite of lead, an abundant 
precipitate, which proves that the acid extrafled from the 
ants by the alcohol, contained fomething befide the acetous 
acid. 

The fame calcareous compound mixed with a folution of 
nitrate of lead, yielded an abundant yellow precipitate, which, 
treated with fulphuric acid weakened by water, formed a new 
precipitate, heavier and whiter. The fupernatant fluid was 
(lightly acid and fugary : it precipitated abundantly the ni- 
trates of mercury, of filver, and of lead. 

Many other (a6ls, jn addition to thofe we haVe mentioned, 
are fuflicient proofs that the malic acid is joined with acetic 
acid in the liquor which is extradled from the ants by the al- 
cohjl; and it is doubtlefs thb prefence of this acid which has 
le(k thofe chemifts into an error, who formerly treated of this 
fubjedt. 

The ants, after having been feparated from the alcohol, 
yielded, by diftillation, an empyreumatic fetid oil, carbonate 

of 
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of ammofMa and acetite of ammonia^ the whole diflblved in a 
great quantity of water. 

The brown fubftance left from the difiillation of the infufion 
in alcohol, was infoluble in water, and foluble in alcohol, ex- 
cept a fmall quantity of a brownifli matter, which appeared 
to the authors to be albumen. The folution of this brown 
fubftance in alcohol became milky by the addition of water; 
and, in a few days, depofited a precipitate of a refinous ap- 
pearance, which feemed to be a fat matter of a peculiar 
nature. 

Laftly, the refiduum from the ants was an animal carbon, 
which, after comhuftion, left 6nly phofphate of lime. 

The memoir finifties with obfervations on the prefence of 
the acetous and malic acids in ants in particular, and in orga- 
nic bodies in general. 

Bulletin des Sciences, No, 70. 


An EJfay on the Relation between the JpeciJic Gravities and the 
Strengths and Values of Spirituous Liquors ; with Rules for the 
Adaptation of Mr, Gilpin^s Tables to the prefent Standard, and 
two New Tables for finding the Per»centage and Concentration 
when the fpecific Gravity and Temperature are given. By 
Atkins and Co. Mathematical I nftrument Makers, ^luarto, 

74 Pages, London, Cadell and Davies, and Robwfons, 1803. 

It is certainly very remarkable, that no mode of denbmina- Aikins on the 
tion by which the realftrength of fpirituous liquors could be 8^*'’^*^** 
defined with any tolerable degree of corredlnefs, has ever yet 
been in general ufe in this or any other country. The mif- 
chiefs accruing from the want of fuch a fyftem, and the dif- 
putes which were daily arifing between the revenue officers 
and the traders, with refpedt to thefe matters, induced the 
legiflalure feveral years fince to pafs an a6t by which was de- 
clared, that all fpirits ihould be deemed and taken to be of 
the degree of ftrength which fhould be denoted by Clarke's 
hydrometer. The inconveniences, however, which refeited 
both from the complex conftruftioti of the inftrument itfilf, 
and the ineligibility of the mode by which the ftrengths of 
thefe liquors are denominated, according to the fyftem pro- 
pofed by its inventor, having been long felt, and both one 

and 
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Atkjns on the gnd the other having accordingly in a great tneafurfi 

hniongft all but thofo immediately concerned in the col- 
Jj^uorie ‘ leQion of the duties, the lords of the treafary during the laft 
feffion of parliament, applied for and obtained an a£l, em- 
powering them to order any father hydrometer to be ufed for 
Ae purpofes of the revenue, which might be found more con- 
veniently applicable to them. This has Of courfe rendered .a 
review of the whole matter indifpenfably neceflary, and the 
authors of the pamphlet before us, whofO attention to this 
fubje£t is already fuiliciently known, have accordingly with 
great perfpicuity traced the principles on which ato' an equity 
able fyftem can be eftabliflied. ' 

After fhewing the connt “^lon betweo»^ tht fubjefl of the 
prefent ira6t, and the apprec* tion of our weights and mea- 
fures in general, they proceed in the preface to Hate the au- 
thorities on which they have ideit their eftimation of the 
weights of the known m ifures of (t‘ (tilled water, Thefe are 
principally the experiments of Sir George Shuckburgh Eve- 
lyn *, and thofe of the French commiffioners of weights and 
meafures. From the former it appears t > relUlt, that the cubic 
inch of diftillcd water at 60® of Fahrenheit's thermometer, 
weighed in air at the fame temperature when the barometer 
(lands at 29^ inches, is equal to 252.606 troy crrains, and from 
the latter, equal to 252.55, fo that the authors take it to be 
under the circumAances fufiiciently near 252|, ana that this 
weight therefore correfpondi vith the fpecific gravity of 1,000. 
Their appreciation of tl cubic mcafure of the wine gallon is 
iimilar to that of >e board of excife, viz. that it contains 23 1 • 
cubic inches, and they eflimate the pound a:voirdupoire at 
7,000 grains troy. The pidiminaries and a detail of the cal- 
culations and reafons on which the deductions are founded, 
are very properly introduced in this place, as necelTary to the 
underAanding of their fubfequent eAimation of the fpecific 
gravity of proof fpirit. 

The work itfelf treats of the fubjeCt under the following ge-^ 
ncral heads ; of the general relation between the fpecific gra- 
viliefl and the Arengths and values of fpirituous liquors, and 
^e'circumAances by which the former are influenced ; of the 

• Sec Phil. Journal, Quarto Series, Vol. iii. p. 97, &c. and Oc- 
tavo Series^ Vol. iv. p. 35. (No. for January iaft*) 

2 Aandard 
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flandard <jf proof; of over-proofs and under^prooft, and the Atkins *on the 
modes of appreciating them; of Mr* Gilpin's ® 3 tperiments^^^?j^^*J**^* 
and tables ; and oi* the means of adapting them to the prefent liquors, 
fiandard, witli various problems and rules for that purpofe ; 
and concludes with the two tables of the authors mentioned 
in the title-ps^e* 

The firft chapter treats very perfpicuoudy of the fubjefl in 
general^ and the intricacy in which it is involved by the joint 
efieds of concentration and change of temperature. 

. In the fe.ond the authors proceed to the eflimation of the 
ftrength of proof irit, as deducible from a loofe paflage in an 
adt of parliaii. li. jpaJcd in 1762, by which it is enadted, that 

for the ouif 'fcT of that adt, ‘each gallon of brandy or fpirits 
of the flrength of o» .iX under hydrometer-proof, (hall be 
taken and reckoned at 7 lbs. J3 oz. the gaM. and which 
Teems to be the only claufe *»' the ftatute-book, in which the 
flrength of any kind of Spirituous liquor is attempted to be 
defined by reference to its fpecific gravity. The temperature 
of the liquor and fome other circumflances are here leA to be 
afTumed, which the autliors have accordingly been under the 
neceflity of doing, and from hence they deduce, that proof 
fpirit may reafonably be confidered as having the fpecific gra» 
vitv of 920 rt 60®. according to the common acceptation ; 
ana this they accordingly recommend as tlie future legal defi- 
nition of that flandaril. 

The third chapter contains a difiindl account of the various 
modes of comparifon hitherto in ufe, and of their refpedive 
inconveniences and defeats. According to the fy ftem propofed 
by the authors, the denomination itfelf would at once indicate the 
real comparative value of the fpirit in queftion, by reference 
to the equivalent quantity of proof fpirit, or that which would 
produce or be producible from 100 gallons of the former, by 
the addition of water to the ftronger of the two, till they were 
reduced to the fame degree of ftrength ; allowance being made 
in all cafes for the concentration which takes place by mixture, 
and the change in bulk and confequent difference in value by 
meafure, according to the exifting temperature. Thus, an 
under-proof of which 100 gallons might be made up*yith 
water from 80 gallons of proof, would be called fpirit of'' 80*' « 
or " 20 under-proof," and a fpirit of which 100 gallons would 
when reduced to proof, make 134-, would be called " 13*, • . 

or ’ 
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Atikins on the or '' 34* over-proof.^* We here find fome arithmetical rules 
gravities introduced for the purpofe of illufirating the pradical fiicilities 
%iiois. refulting from the ufe of fuch a fyfiem, and the chapter con* 
eludes with a fe£lion on the general conftrudlion of the hy» 
drometer, in which^thowever^ the authors have modellly for- 
borne to fpeak particularly of thofe of their own confirudion^. 
which are already fo well known to the public. 

In the fourth chapter, which treats of the experiments and 
tables of Mr. Gilpin, the’ author fpeaks with its merited praife 
of this great work, and in the fifth they give a variety of rules, 
fome of them very curious, for folving all the moft ufeful pro- 
blems* refpe^ling this fubjeft from thefe tabl^, which they con- 
fider as an authentic regiller of experimental refuits. Thefe 
procefles are all founded on the fuppofition that proof fpirit is 
of the fpecific gravity of 920 at 60®. 

The fixth and laft chapter contains the two tables of the 
authors already mentioned, with their ufe apd application, 
'rhefe tables in a great meafurc anfvver all the purpofes of the 
more voluminous ones of Mr. Gilpin, from which they are cal- 
culated by the preceding formulas, and that in a much Ampler 
and eafier manner, being adapted to the prefent fiandard of 
proof, and giving the required per-centage and concentration 
by mere infpeftion. 

(laving thus Hated the outlines of this work, it would be to 
take notice of a circumftance of minor confequence if I re- 
marked, that it is a very neat fpecimen of typographical ele- 
•gance. The fubje£l is a moil important one, and the philofo- 
phical reader will be pleafed to find it here treated in a man*^ 
ner which renders it no lefs worthy of the attention of the man 
of fcience, than of thofe whofe commercial interefts are in^ 
volved in the event of tlie prefent invelligation. 

A. B, 
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The particles of are agitated by found) 
but not fendbly removed, 155 
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AlexandrC) 188 
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AntS) on the chemical nature of, 2S3.-*- 
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226 
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nets, 144,— Definition of it,, ib.— Co- 
mets may become, 146 
Atkini on the fpecific gravities of fpiri- 
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Attachment, organ of, 225 
Ayton, Mr. 294 

B. 
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canals, 236 

Baodry des Loxieres on animal-cotton, 
266 

Baume, 279 
Bayley, Mr. 215 
Beccari, 277 
Bcccaria, 224 

Bee's wax, comparifon between It and 
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Berard on the methods of (ecret writing, 
247.— New method by means of a lie* 
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249 

Bergman, 257 
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Bigg, Mr. propofes a leflurelhip at New- 
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Blagden, Dr. 58 
Blair, Dr. 95, 97, II3 
Blanc, Mont, afeent of, 206 
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106 

Boats, method of railing or lowering on 
canals, 236 

Bojames, Dr. on the craniognomic fyf- 
tem of Dr; Gall, 297, 224 
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Borda, 121 
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macetly adipoclre^ tnd the cryftaUine 
matter of biliary calculi^ 129 
Brain, the material organ of the internal 
faculties, 198.— Confids of indepen- 
dent organs, ib.— Devebpement of the 
organs, 199. — Its volume not propor- 
tionate to the energy of its faculties, ib. 
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Bu<Fon, 113, 257 
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On the immerHon of feeds in times of 
drought, 281 

Calculi, comparifon of the cry ftalline mat- 
ter of biliary, with myrtle -wax, 136 
Camelford, Rt. Hon. Lord, 250 
Camphor, fduble in acetic acid, 215 
Canals, method of railing and lowering 
veHels on, 236 

Candles, the light of, obfervations on, 40* 
—Curious eftedts of the refradion of, 
100.— 'Subdivihon of, 186.— >Made of 
vegetable wax, 192 
Carbonieres^ 260 
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it, 270 
CaiTini, 111 
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Ceres, the. Dr. Herfehers obfervations on, 
120.— Not a planet, 143,— Nor a co- 
met, 145 

Cerifera myrica, x88«— Culture of in Eu- 
rope, 194.— Economical remarks on, 
196 

Charcoal contains oxigen, 68 * 

Cheese, identity of it with vegetable glu- 
ten, 276.— Peculiar fermentation of, 
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Chenevix, MA his analyfis of corundum 
and ^ its accompanying fubAances, 7, 
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Chinefe, they fteep their Iged previous ti 
fowing it, 282 

Churning, eafy method of, 241 
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not oxigen, 66 

Circumlpedtion, organ of, 227 
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gan of the renfe of, 230 
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diAance, 69 
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9.— Component parts of the varieties of, 
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Cotton, animal, memoir on, 266.— Su* 
pe.ior to vegetable, 271 
Courage, organ of, 225 
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Craniognomlc fyAem of Dr. Gall, 197, 
224 

Crawford, Dr« 222 
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to, on phlogiAon, 65 
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the quantlty*of water carried off by ri- 
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Darracq on the affinities of carthsy 17 
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Dobfon, Dr. 167 
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Dolomieu, 264 

Dormice, queftion refpefting, 278 
Doitharen, Baron de, his excurfton to the 
fammit of Mont Blanc, 206 
Drops, EngUfli, 271 

£. 
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—Guyton’s experiments, ib.— Con- 
te fted by Darracq, 17.— The earth 
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England and Wales, annual quantities of 
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159.— •Method of eftimating, 167.— 
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Evelyn, Sir G. S. 35 
Euler, no 

Eye, the difperfive powers of, 187 
F. 
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of the, 198.— Their energy not in pro* 
portion to the volume of the brain, 199 
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ters of, 277 
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Fits- James, account of ventriloquifm as 
exhibited by, 202 

Fixed air not dreompofed by iron, 67 
Fialh from an air-gun, 280 
Fletcher, Mr« his obfervations on the 
ftandard of weight and -meafure, 35, 
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Fluids, on their power- as condu^kort of 
heat, 56.— Internal motion of, 75 
Fly 'Carrier, defeription of the infedt, 266 
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Forfait, Cit. 246 
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reafony 274.*— On the chemical nature 
of ants> 083 
Frank, 233 

IViAion, luminous appearances by^ 105. 

—Medicines by, 279 
Friendlhip, oiigan of, 225 

Q* 

^dolin, 222 

Gall, Dr« outline of his craniognoxnic 
fyftein, 197, 224 

Gas, cheap flexible tube for, 5.— Sounds 
produced in tubes by hidrugen, 23.— 
Adethod of eflimating the changes of 
volume during chemical experiments, 

Gay-Luflac, 32, 224 
Cengraphy priae, 279 
Gerard, Dr^ 136 
Gilpin, Mr* 39, 288 
CUiTes, memoir on achromatic, no*-* 
Comparifon between annealed and un- 
annealed, 178.— On the ufe of fulphate 
of foda in making, 28 1 
Glauber, the inventor of Woulfe's appa 
ratus, 6,— And of another fuppofed mo- 
dern difcovery, 7 

Gluten, vegetable, the identity of it with 
cheefe, 276 

Goodnefs, oigan of, 234 
Gough, Mr* on the nature Of grave har- 
monics, !•— His reply to Dr. Young on 
the nature of muiical founds, 139*— 
'His theory of compound founds, 152, 
202 

Grapes contoia a fugar diflferent from that 
of the cane, 280 « 

Gratelodp, 113 

Grave harmonics, on the nature of, x, 
72.«-Diflrer from primitive founds, 74 
Gravities, on the i^cifle, of fpiricuous li- 
quors, 285 

Green fec^ of plants difeovtred by Rou- 
clle, 276*— Is a peculiar animalized fub* 
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Gregor, Mr* his anatyfls V a variety cf 
the corundum, 209 
Guthrie, Mr. 163 

Guyton, on the affinities of earths, x6 

H. 

Hadley's quadrant, obfervatiem on, 2x8 
Hales, Dr* 162 
Hall, 'Mr. no 
Halley, Dr* 164 

Halos, coloured, round a candle, x82.— « 
Atmofpheric, db* 

Hand-mill, Scottilh, 220 
Harmonics, grave, on the nature of, 1, 
72.— Differ from primitive founds, 74 
Harmonic Aiders, Dr* Young's account 
of, 101 

Harriott, Mr. his engine for railing and 
lowering weights by water, 44 
Haflenfiatz, 246 • 

Hawkins, Mr. 214 
Hawkfoee, Mr* *103 
Heat, power of fluids as condu^ors 
56. — Internal motion of fluids oceg- 
floned by, 75.— Its real xero, 22< 

— making rays, inviflble, 99 
Heliometer, ufe of Bouger's, for naval 
purpofes, 1 17 

Henry, Mr. xiz.—Concetniog the Inven- 
tion of aromatic vinegar, 215 
Herman, 258 

Herfchel), Dr* his obfervations on the two 
new planets, X2Q.— Propofol to call 
them afteroids, 145.— Definition of the 
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Higgins, Dr. 23 
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Hooke, Mr. his blow-pipe by alcohol, 
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Ice, a woifc conductor of heat than wa- 
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Iceland cry dal, on the oblit^ue refra^lon 
of, 148' 

Immtrfion of fcedt^ advantages of, 281 
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Irvine, Dr* 221 
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Lee, Mr* Stephen, 144 
Leindenfroft, M* 207 
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Life, organ of tenacity of, 20 1 
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of candles, (juantitiei produced by 

different flees, 40*— ^Curious effedls of 
the refraction of, xoo*«*Subdivtflon of, 
x86 

■ of electricity, reflation of the, 
xoo 

Liming of wheat recommended, 282 
Linnaeus, x88 

Liquors, fpirituoui, on the ipecifle gravl* 
ties of, 285 

Loadftone, its effedls known to jugglera 
before it was applied to navigation, $9 
Locality, organ of the fenfe of, 219 
Lock, conllrudlion of c&e for railing and 
lowering veflels, 236*1— Advantages 0^ 
238 

Love of glory, organ of, 2d8 
■ ■ ■ — ■ truth, organ off 228 
Ludlam, 2x8 
Lulolpli, 257 

Luminous appearances by fridtion, 105 

M, 

Machine, fpeaklng, 70* — ^For rootSng vf 
the flumps of trees, 243 
Mac^uer, 274 

Magasine-piftol, dcfsiiption of, 250 
Magellan, 212 

Magnitude of obgcdlt# rtaica for djotlatfim 
the diftance by, lit 
Malic acid in ants, 284 ^ 

Marian, y88 

Marmotit fuiftiaft 27t* 

iM«dbl» 
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M'arlhal, 2S9 ' 

Maityn, 130 
Maupertiusy 119 

Mawe's mineralogy of Derbyfliirc, 62 
Meafure, obfervations on the ftandard bf, 35 
Mechain, M* 144 ' 

Mechanics, organ of the fenfe for^ 2^1 
Medicines by fridlion^ 279 
Memory, verbal, organ of, 231 

of perfons, organ of, 232 

Men having fcales and fpines, account of, 
62 

Metallic falts, difperfive power of, 96 
■ tubes, joint for, 5.— Early inven- 

tion of, 107 

Metals, experiments on the flow cooling 
of melted, 178 

Metaphyfical talent, organ of, 233 
Michault, 189 

Micrometer with double refraction, 116. 

—Defects of Jtamfden's eye-glafs, 117 
Mill, Scottifli hand, 220 
Mineralogy of Dcrbyfliire, Mawes, 62 
Mifcellaneous information, 220 
Mollet, 280 

Mont Blanc, afeent of, 206 
— Perdu, afeent of, 206 
Mocioo, interna!, of fluids by heat, 75 
Mountains, on the ileclivities of, 256.— 
Primaeval, 262.— Adventitious ilrata 
on, 263. ^ 

Mufic, organ of, 234 
Mufical fenfe, organ of, 231 
Mu Heal founds, pioduced by hidrogen gas, 
23.— Nature of, 139 
Itfyrica cerifera, 188. — Eafy culture of in 
Europe, 194. — Economical remarks, 
196 

^yrtfe-wax, nature and ufei of, 129.5- * 
Analyfis of, 130.— Appears ^Ae a ve- 
getable fixed oil, 132.— Similarity to 
beeH wax, ipermaceti, adipocire, and 
the cryfialline matter of biliary calculi. 



"Warci, CSt? xiy i 

Newcaftle, literary and ^hiiofophkal ixh 
cittf, 5, ® ■ 


Newton, Sir I. 89, nr, ayy 
Nicholfon, 133 

Numbers, organ of the fenfe of, 2311 

O. 

Obfervation, organ of the talent for, 233 
Oblique refraCtion of Iceland cryfial ex« 
plained, 148 

Ocean, twofold motion of, 265 
Oils, efiTential, folubld^in acetic acid, 2x5 
Olbers, Dr* 120, 145 
Olivier, 254 

Organ of the intdjpal faculties is the brain, 
198 —Independent, in the brain, ib**«^ 
unknown, 226 

Oxide of titanium often met with, 214 
Oxigen, none in finery cinder, 66.— (i\ 
charcoal, 68 

P. 

Painting, organ of, ‘230 
Paget-Dcfcharmes, on the ufe of fulphate 
of foda in glafs-making, 281 
Pallas, 260 

Parents and children, organ of the mutual 
love of, 224 

« Paris, annual quantity of rain fallen at, 173 

I Parmentier, 274 
Pcarfon, 133 
Percival, Dr. 216 
Perdu, afeent of mont, 20S 
Ptrfeverancc, organ of, 235 
Perfonal refpeCUbliity of no weight ill ar- 
gument, 140 

Philofophical papers, proper vehicles for, 

74 

Phlugifion, Dr. Prieftley's anfwer to Mr* 
Cruickfliank, 65 

Phofphoric preparations, dangerous in the 
vicinity of inflammable fubfiances, 217 
Phoi^horus readily takes fire in fmall qum- 
titiea, 105 

Phyfiognomy, various fyftems of, 197 
Piazri, Mr. 14$ 

the new planet, Dr» Hcrftlidl’s 

obfervations on, 1 so.— Not a phnet, 
X43.— Nor a Gometi 145 


PiCtetj 
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Pl£^et, 23,^80 
Piggott, Mr» 143 

Piftoly magasine^ defcriptlon of, 250 
PJanets, geneial definition of, 128 
Plants, wax'bcaring, 187.-00 the dlf- 
feminaciun of, 253.-00 the fecula of 
green, 273.— Fibrous matter of, 274 
Plafter cement, 60 

Plunger, method of raifing or lowering 
vefit'ls on canals by means of, 236 
Pneumatic apparatus, improvement In 
Read's, 6 — Woulfe's invented by Glau- 
ber, ib. 

Porta, 197 

Powel, Dr. 137, 138 
Powers rcfradtive and difperfive, method 
of examining by prlfmatic ^efiedVion, 89 
Prieftley, Df. on phlogifton, 65 
Primaeval mountains, 262 
primary colours of the prifmatic fpedtrum 
only four, 98 
Printing, origin of, ^69 
Prifm, its ufe in examining the rcfradlive 
and difperfive powers of bodies, 89.— 
Square one to be preferred, 90 
Prifmatic Ipcdtrum con fills of only four 
r primary colours, 98 
Prize queftions, 278 

Produdlion of colours, fome new cafes of, 
180 

Proull on the fecula of green plants, 273. 
—On the fugar of grapes, and on uree, 
280 

Pyrites ufed h ftead of Hints in old fire- 
arms, 103 

Quadrant, Mr. £. AValker's refieding, 
218 

Quern, or Scottilh hand-mill, 220 
Queftions, prize, 278 

R. 

Rain, experiments and obfervations on, 
. X 59.— Annual quantity fallen in Eng- 
land and Wales, 160.— Mean quantity, 
, ifil.— In Paris, 173 


Ramond fucceeds in reaching the fuibiiift 
of Mont Perdu, 207 

Ramfden's eye-glafs micrometer defed^ive, 
117 

Raphael, 234 
RafiiUigh, Mr. 209 

Kays, invifible heat-making, 99.— >Dif- 
oxigenating, xco 

Read, Mr. improvement in his pneumatic 
apparatus, 6 
Rees, Dr. 135 

Reflefting quadrant, Mr. £• Walker’s, 
2x8 

Refradlion of the light of candles and of 
eledlricity, eftcdls of the, xoo.— Ob- 
lique, of Iceland cryftai, X48.— Djf- 
perfion of colours by, 185 
Refra^ive powers, method of examining 
by prifmatic reiiedtion, 89.— Tables of, 
93, 9S 

Reinngibility, aberrations of, how cor- 
refted, no 

Reynier, Clt. L. on the dlfTcmination of 
plants, 253 ^ 

Rivers, quantity of waters carried off by, 

X 59.— Method of determining the quan- 
tity that flows through, 164 
Rochon, his memoir on qghromatic glafifes, 
110 

Roi, Col. 32 
Rouclle, Hilaire, 273 
Rumford, Count, 56.— His experiments 
on fluids as condudlors of heat, 75^** 
Not conclufive, 76 

S. 

Saint-Vidlor, Cit. his machine for root- 
ing up the ftumps of trees, 243 
Salts generated in cheefe, 277 
Sapphire, analyiis of the, 10 
Satire, organ of the talent for, 234. 

Sauer, zo6 ^ 

Sauflure, 34 

Secret wiiting, mstb#is of, 24^ 

Seeds, prefervation of, ^55 
of ftecpingi 28 X 
Seguin, z^i 

; Seir^ 
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Sl^.elevadon^ organ of the inftind for, 

Wf 

prefervatlont organ of the Inftinft 
foTy aoi 

Senfationss produced by cotem« 

porary founds^ 157 f 

Senfea, cerebral organs of the excernalj 
202 

Sextant^ Imperfedliona efy 118 
Shavings of woody on the eledtriclty ofy 
49 

Sleep of animals in winter^ queftion ony 
278 

Slidersy harmonicy Dr* Young's account 
ofy iox.*^Iliuftrative of the theory of 
the tidesy ib*— Applicable to a variety 
of calesy 102 

Smithy Dr. his theory of compound foundsy 
152 

Soapy made of vegetable waxy 190 

bubbley ^he black fpot in it produced 
by undulations of light, 184 
Society, literary and philofophicy at New- 
caftle, 59.— For examining the aodiac, 
146 

Spundy muiicaly produced in tubes by hi- 
drogen gas, 23.— Apparatus for con- 
dudlingy 69.«^rlmitivey not the fame 
as grave harmonics, 74,— Theories of 
compound, 152, 153, 154. — Senfations 
produced by, i57»-»£xperimcnts on, 
207 

Speaking machines, 70 
Spe^rum, prifmacic, compofed of only 
four primary colours, 98 
Speer, Mr. W. on the hidrometer, 63 
Spermaceti, comparifon of it with myrtle- 
wax, 134 

Springs, enquiry into the origin of, 259. 

— Caufes of, 172 * 

Steam, defcription of a joint for tubes ufed 
In conveying, 107 

Steely appearances produced by collifion 
with hard bodieSyCio3.-« Under what 
conditions St can tMrn in the air, k)4« 

. "i^xidati^n ofy at different tempera- 
Hntiy ib» 

c C 


Steganographic fcale, 24S 
Stodart, Mr. 104 
Sttp9Cocks> invention of Hiding, 4 
Strata, adventitious, on mountains, iSj 
Stumps of trees> machine for rooting up, 
»43 

Sugar from grapes, 280 
Sulphate of foda, its ufe in glafa-making, 
28 z 

Sulzer, 195 

Sympathetic inks not to be depended on 
for fecret writing, 246 
Syphon-engine for railing weights, 44 

T* 

Telefcope with a double refradting medi* 
urn, 11$ 

Tenant, Mr* 68 

Tennsnt, S. Efq. on the compolitlon of 
emery, 53 „ 

Thallite, component parts of, 13, 14 
Thames, quantity of water carried off by, 
164 

Theatrical talent, organ of, 234 
Theofophy, organ of, 235 . 

Thieboult, 195 

Things, organ of the fenfe of, 229 
Thomfon, Dr. 220 

- Mr. 133, 220 

Thought, decompofition of, 279 
Throat, initrumeut for extracting hard 
bodies from the, 175 

Tides, illuftrated by the dodtrineof corn* 
bined undulations, and by the harmo- 
nic Aiders, 10 1, Z02 
Tilas, 256 

Titanium, oxide of, often met with, 214 
Tofean, 189 

Tree, wax, memoir on, 187 

Trees, machine for rooting up the itumpSy 

Trevithack, Mr. 49 
Trotter, Dr. 216 

Tube, flexiblcyfor gafes, 5.— Metallic with 
«jmnty ib.— Early invention of, ic 7 
Vapossr^ 
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V. 

▼apour« aqueous in the htmofpbere^ i6a/ 
Varenlus^ »57 
Vauqnelini 2S0 

Vegetable} wax, plants which yield, 187. 
•«»QjMlitIes of, x88.«i»Method of col- 
leding in America, 189.— Soap and 
candles made of it, 190, I92»— -Ana- 
lyiis of, 191.— Great utility of, 193 
Vegetation, bow produced on new earth, 
'*54 

Vehicles for philofophical papers, 74 
Ventenat, j88 , 255 ^ 

Ventriloquifm, account of that exhibited 
by M* Fitx-James 

Vinegar, aromatic, invented by Mr. 
Henry, 2x5 

Voice, analyfis of the human, 158 
Volange, M. 203 

A 

Undulations, utility of the dodtrine of 
combined, in explaining cotemporary 
fmnds, loi.— And the rides, ib. 
Unifons/ imperfedt, produce beats, 141 
rUree, as examined by Vauquelin, not 
pure, 2S0 

W. 

Walker, Mr. £. on the light of candles, 
40.— -His apparatus for condudling 
Ibnnd, $9 

Water, In finery cinder, 66.*-Its power 
as a condttdor of heat, 75.— Qji^^ntity 
carried off by rivers and evaporation, 
*59 

— - - cement, 60 
Witfott, Dr. 167 

Wax, on the flexure of that of candles by 
intgnlar cooling, 176 
■Hitokbeds, comparifon between it and 
myrtle wax, 133 

• myrtle, nature and iifes of, 129.— 
Aiudyfie of, 130.— Appears to be a 
Ytge^e fixed ml, 132.— Comparilbn 
of \t with other mattcra, 133 


Wax, tree, m^Mir on, 187 
— — vegetable, plants wUeh produce, 
287.— ^aliries of, i88.«»Meriiod of 
colledting in America, x89.-*Aisaly« 
fis of, T91.-M.S0ap and candles made 
frond) 190, X9z.»M.Great utility of, 193 
Webftcr, Mr. 107 

Weight, obfervations on the ftandard of/ 

35 

Wheat, advantages of fteeping it previous 
to fowing, iSs.—Limingrecommended, 
lb. 

Wiegicb, 53 

Wilfon, Mr. W. on the elediricity of 
/havings of wood, 49 
Winter fleep of animals, queftion on, 278 
W. N. his defcriptlon of a joint applies* 
hie to tubes ufed for conveying fleam, 
107 

Wollaflon, Dr. his method of exanaining 
refradtive and difperfive powers by prif. 
matic refledlion, 89.^— On the oblique 
refradiion of Iceland cryflal, 148 
Wood, on the eledlrlcity of /havings of, 
49.— Danger of leaving it in the vici- 
nity of phorphoric preparations, 217 
Woulfe*8 apparatus Invented by Glauber, 6 

o 

Y. 

Young, Adrian, 69 

Dr. his reply to Mr. Gough on 

grave harmonics, 72.— Account of hia 
harmonic /liders, zoi. Mr. Gough*a 
reply to him on the nature of mufical 
founds, 153.— On /bme cafes of the 
prududlion of colours not hitherto de* 
feribed, i8o.»->On the difperfion of co* 
lours by refradion, 185— >On the dif*. 
perfive poweri of the eye, 187 

Z. 

Zero, on the fuppofed determiharioik cf 
the real, 221 

Zinc readily takes fi|p InfinaU iiiaflbs» 

. 105 9 

Zodiac, fociety fiMcd Ibr emrtAiQ|!l|^ 
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xiin or Tax roaiTit ^ 
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